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(54) CARBON COMMUTATOR AND METHOD OF PRODUCING THE SAME 

(57) The carbon commutator of the present inven- 
tion comprises a plurality of segments having ends 
which are sliding members on a brush and the other 
ends to which conductive terminal members are 
attached, wherein the segments are arranged in a cir- 
cumferential direction on an insulating boss member 
and are insulated from each other, carbon layers being 
formed on the sliding member sides of the segments, 
metal layers being formed between the carbon layers 
and the conductive terminal members by sintering a first 
material of a principal component of the conductive ter- 
minal member with a second material which can alloy 
with the first material. 
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Description 

Technical Field 

[0001] The present invention relates to a commuta- 5 
tor in a motor, and more particularly to a carbon commu- 
tator in which a member for sliding on a motor brush 
contains carbon. 

Background Art 10 

[0002] In fuel feed pumps in automobiles, there has 
been known a so-called in-tank-type system having a 
motor and a pump integrated in a fuel tank, in which a 
commutator of the motor directly contacts the fuel ts 
because the fuel in the tank is fed through a motor hous- 
ing to outside devices. In automobiles using gasoline 
including alcohol, the problem arises that copper in the 
sliding member of the commutator, which contacts with 
the brush, is eroded by the alcohol in the gasoline. To 20 
avoid this, Japanese Patent Application, First Publica- 
tion No. Hei 8-308183 discloses a carbon commutator 
which contains carbon in the member for sliding on the 
brush. 

[0003] In the carbon commutator described in the 25 
publication, a plurality of segments (commutator 
pieces), which are produced by compacting and sinter- 
ing a carbon powder, are arranged to be insulated from 
each other in a circumferential direction on an insulating 
boss member made of a synthetic resin. Copper riser 30 
pieces which are conductive terminal members are inte- 
grally sintered together with the segments. This publica- 
tion discloses that, in order to ensure electrical 
connection between the conductive terminal members 
and the segments, conductive metal powder may be 35 
compacted and sintered around the conductive terminal 
members, or a mixture of the metal powder and the car- 
bon powder is stratified and sintered so that the ratio of 
the carbon powder may be increased from the conduc- 
tive terminal members toward the sliding member for 40 
the brush. In order for the coefficient of thermal expan- 
sion to approximate that of the riser pieces, the same 
copper material as the riser pieces or nickel-plated cop- 
per powder is selected for the metal powder. 
[0004] However, the above copper powder and the 45 
nickel-plated copper powder are not integrated with the 
riser piece during sintering in a range of 700°C to 
900°C, which is the sintering temperature range for the 
carbon powder. The riser pieces merely come in contact 
with the copper powder in the sintered segments, which sc 
may therefore become unstable. It is known that the 
green compact of the metal powder contracts during the 
sintering, so even when the same copper material as 
the riser pieces is selected as the metal powder to 
approximate the coefficient of thermal expansion, the st 
problem arises that gaps may be occur between the sin- 
tered compact of the copper powder and the riser 
pieces. 



[0005] When the carbon powder and the copper 
powder are stratified and sintered, binder added to the 
carbon powder is thermally decomposed and carbon- 
ized so that in the carbon powder portion the contraction 
ratio is greater than the expansion ratio. The contraction 
ratio of the copper powder is less than the contraction 
ratio of the carbon powder portion, while the thermal 
expansion in the copper powder during the sintering is 
greater than that in the carbon powder. Therefore, slip- 
page may occur at the boundary between the carbon 
powder and the copper powder, so the sintered seg- 
ments are apt to separate at the boundaries. It is impos- 
sible in the conventional carbon commutator to achieve 
a long-term stable electrical and mechanical connection 
especially in fuel which contains alcohol as mentioned 
above. 

[0006] It is therefore an object of the present inven- 
tion to provide a carbon commutator which contains car- 
bon in the sliding members and which achieve long- 
term stable electrical and mechanical connection 
between the segments and the conductive terminal 
members. 

Disclosure of Invention 

[0007] In order to solve the problem, a carbon com- 
mutator according to the present invention comprises a 
plurality of segments having ends which are sliding 
members on a brush and the other ends to which con- 
ductive terminal members are attached, wherein the 
segments are arranged in a circumferential direction on 
an insulating boss member and are insulated from each 
other, carbon layers being formed on the sliding mem- 
ber sides of the segments, metal layers being formed 
between the carbon layers and the conductive terminal 
members by sintering a first material of a principal com- 
ponent of the conductive terminal member with a sec- 
ond material which can alloy with the first material. Zinc, 
antimony, or lead may be substituted for tin which is the 
second material in the metal layer. The carbon commu- 
tator is produced by filling a space around the conduc- 
tive terminal members with a metal powder to form the 
metal layer, filling the space on the side of the sliding 
members with a carbon powder, and then compacting 
and sintering the powders. During the sintering, the tin 
powder which has a low melting point of 232°C melts 
such that copper particles and the conductive terminal 
members become wet with tin, thereby liquid phase sin- 
tering occurs. 

[0008] During the liquid phase sintering, the copper 
melts into the liquid phase of the molten tin, and the 
amount of the liquid phase increased so as to increase 
the ratio of the copper content until it is saturated with 
the solid phase component, while the tin has been dif- 
fused in the copper solid phase. The particles are rear- 
ranged so as to relax compressive stress arising from 
thermal expansion of the conductive terminal members. 
The small copper particles preferentially melt in the liq- 
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ukf phase and are deposited on the large copper parti- 
cles as a solid phase. The grain growth is promoted 
during the dissolution and deposition process, so that 
the copper component in the metal layer alloys with the 
tin component (production o1 bronze) to integrate the 
conductive terminal members with the carbon layers, 
relaxing the compressive stress. Thus, the segments 
and the conductive terminal members are reliably inte- 
grated electrically and mechanically. By sintering in 
which the tin component in the metal layer forms the liq- 
uid phase, even when gaps and slippage occur between 
the conductive terminal member and the carbon layer 
because of the difference in ratio of the contraction and 
the thermal expansion, the gap is filled with the liquid 
phase and the compressive stress is relaxed, thus pre- 
venting separation between the metal layer, the conduc- 
tive terminal member, and the carbon layer and 
ensuring reliable bonding therebetween. When the 
metal layer is arranged only on the side of the carbon 
layer with respect to the conductive terminal member, 
the sufficient electrical and mechanical bonding can be 
achieved. 

[0009] When the ratio of the tin component to the 
copper component in the metal layer is too high, an 
undesirable brittle phase of the intermetallic compound 
may form during the sintering, and depending on the 
sintering temperature the concentration of tin compo- 
nent may exceed the upper limit of the concentration of 
tin in a stable a solid solution in the copper tin alloy 
series. On the other hand, when the tin component ratio 
is too low, the molten tin alloys preferentially with the 
copper powder particles which have small diameters. 
This reduces the ratio of alloy with the conductive termi- 
nal member and inhibits the relaxation of the compres- 
sive stress against the carbon layer, so that sufficient 
bonding between the metal layer, the conductive termi- 
nal layer, and the carbon layer is not achieved. To avoid 
this, a weight ratio of the copper to the tin in the metal 
layer is in a range from 98.0 : 2.0 to 86.5 : 13.5, and 
more preferably in a range from 95.0 : 5.0 to 90.0 : 10.0. 
[0010] To produce the segments, the carbon pow- 
der forming the carbon layer and the mixed powder of 
copper and tin are pressed and sintered as mentioned 
above. When the sintering temperature is too low, the 
above mentioned effect is not obtained, making the 
bonding of the segments with the conductive terminal 
members unstable. When the sintering temperature is 
too high, the liquid phase may increase so that the 
shape of the compact cannot be maintained, and may 
flow out along the conductive terminal member depend- 
ing on the circumstances. To solve the problem, the sin- 
tering temperature is preferably set in a range of 800°C 
to 850°C in the method for producing the carbon com- 
mutator of the present invention. 
[001 1 ] In the method for producing the carbon com- 
mutator, by compacting the carbon powder forming the 
carbon layer and the mixed powder comprising the cop- 
per and tin which form the metal layer, and by sintering 



the resulting green compact, the liquid phase arising 
from the sintering of the mixed powder comprising the 
copper and the tin permeates into the grain boundary of 
the carbon powder, producing an anchoring effect and 

5 securing the bonding of the carbon layer to the metal 
layer. When forming the green compact one of the car- 
bon powder forming the carbon layer and the mixed 
powder comprising the copper and tin which form the 
metal layer is fed into the green compact mold and com- 

10 pressed, and the other one of the carbon powder and 
the mixed powder comprising the copper and tin is 
thereafter fed in and compressed. This regulates the 
thickness of the carbon layer in the sintered segment, 
and prevents shortening of the life of the carbon com- 

is mutator due to exposure of the metal layer. 

[0012] The carbon commutator according to the 
present invention comprises a plurality of segments 
having ends which are sliding members on a brush and 
the other ends to which conductive terminal members 

20 are attached, wherein the segments are arranged in a 
circumferential direction on an insulating boss member 
and are insulated from each other, carbon layers being 
formed on the sliding member sides of the segments, 
metal layers being formed between the carbon layers 

25 and the conductive terminal members by sintering car- 
bon, a first material of a principal component of the con- 
ductive terminal member, and a second material which 
can alloy with the first material. The metal layers are 
formed by sintering carbon, the first material of a princi- 

30 pal component of the conductive terminal member, and 
the second material have a melting point lower than that 
of the first material, for example, carbon, copper, and 
tin. Zinc, antimony, or lead may be substituted for the tin 
in the metal layer. The carbon commutator is produced 

35 by filling a space around the conductive terminal mem- 
bers with a mixed powder comprising carbon, copper, 
and tin to form the metal layer, filling a space on the side 
of the sliding members with a carbon powder, and com- 
pacting and sintering the powders. During the sintering, 

40 the tin powder which has a low melting point of 232°C 
melts such that copper particles and the conductive ter- 
minal members become wet thereby liquid phase sin- 
tering occurs. 

[001 3] During the liquid phase sintering, the copper 
45 melts into the liquid phase of the molten tin, and the 
amount of the liquid phase has increased so as to 
increase the ratio of the copper content until it is satu- 
rated with the solid phase component, while the tin has 
been diffused in the copper solid phase. The particles 
so are rearranged so as to relax compressive stress aris- 
ing from thermal expansion of the conductive terminal 
members. The small copper particles preferentially melt 
in the liquid phase and are deposited on the large cop- 
per particles as a solid phase. The grain growth is pro- 
55 moted during the dissolution and deposition process, so 
that the copper component in the metal layer alloys with 
the tin component (production of bronze) to integrate 
the conductive terminal members with the carbon lay- 
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ers, relaxing the compressive stress. Thus, the seg- 
ments and the conductive terminal members are 
reliably integrated electrically and mechanically. By sin- 
tering in which the tin component in the metal layer 
forms the liquid phase, even when gaps and slippage 
occur between the conductive terminal member and the 
carbon layer because of the difference in ratio of the 
contraction and the thermal expansion, the gap is fflled 
with the liquid phase, the compressive stress is relaxed, 
and the liquid phase permeates into boundaries, caus- 
ing an anchoring effect, which prevents separation 
between the metal layer, the conductive terminal mem- 
ber, and the carbon layer and ensures reliable bonding 
therebetween. 

[0014] According to the carbon commutator of the 
present invention, the metal layers contain the carbon in 
addition to the copper and the tin causing the liquid 
phase sintering. The anchoring effect can be accom- 
plished because the carbon in the metal layers and the 
carbon in the carbon layers are bound during the sinter- 
ing. This improves the strength at the boundaries 
between the metal layers and the carbon layers with the 
anchoring effect by the liquid phase. The carbon con- 
tained in the metal layers relaxes the thermal compres- 
sive stress, thereby preventing the metal layers from 
becoming separated. The metal layer contains the car- 
bon which is comparatively soft, compared with a metal 
layer essentially consisting of the copper tin alloy, and 
this prevents the metal layer from becoming too hard 
and workability of the segment from being reduced. 
Because the carbon does not soften and melt, even 
when the liquid phase develops due to the copper and 
the tin during the sintering, the carbon in the metal layer 
works as aggregate to stabilize the shape of the sin- 
tered body. While in the conventional carbon commuta- 
tor the copper powder is fed around the conductive 
terminal member, when the metal layer is arranged only 
on the side of the carbon layer with respect to the con- 
ductive terminal member, the sufficient electrical and 
mechanical bonding can be achieved. 
[001 5] When the percentage content of the carbon 
in the metal layer is too low, the metal layer becomes too 
hard so that damage during the processing of the seg- 
ment cannot be prevented. Further, the anchoring effect 
and the relaxation of the thermal compressive stress 
against the carbon layer according to the carbon in the 
metal layer, and the stabilization of the shape of the sin- 
tered body cannot be achieved. Since the carbon does 
not react to the copper in the riser piece, when the per- 
centage content of the carbon in the metal layer is too 
high, the bonding of the riser piece to the metal layer 
becomes insufficient, and thereby they easily become 
separated. The percentage content by weight of the car- 
bon in the metal layer is in a range of 2 to 25 wt%. more 
preferably in a range of 10 to 20 wt%. 
[001 6] When the ratio of the tin component to the 
copper component in the metal layer is too high, an 
undesirable brittle phase of the intermetallic compound 



may form during the sintering, and depending on the 
sintering temperature the concentration of tin compo- 
nent may exceed the upper limit of the concentration of 
tin in a stable a solid solution in the copper tin alloy 

5 series. On the other hand, when the tin component ratio 
is too low. the molten tin alloys preferentially with the 
copper powder particles which have small diameters. 
This reduces the ratio of alloy with the conductive termi- 
nal member and inhibits the relaxation of the compres- 

w sive stress against the carbon layer, so that sufficient 
bonding between the metal layer, the conductive termi- 
nal member, and the carbon layer is not achieved. To 
avoid this, the weight ratio of the copper to the tin in the 
metal layer is in a range from 98.0 : 2.0 to 86.5 : 13.5, 

75 and more preferably in a range from 95.0 : 5.0 to 90.0 : 
10.0. 

[0017] To produce the segments, the carbon pow- 
der forming the carbon layer and the mixed powder of 
carbon, copper, and tin are pressed and sintered. When 

20 the sintering temperature is too low, the above men- 
tioned effect is not obtained, making the bonding of the 
segments with the conductive terminal members unsta- 
ble. Then the sintering temperature is too high, the liq- 
uid phase may increase so that the shape of the 

25 compact cannot be maintained irrespective of the car- 
bon contained in the metal layer, and may flow out along 
the conductive terminal member depending on the cir- 
cumstances. To solve the problem, the sintering temper- 
ature is preferably set in a range of 800°C to 850°C in 

30 the method for producing the carbon commutator of the 
present invention. When forming the green compact, 
one of the carbon powder forming the carbon layer and 
the mixed powder comprising the carbon, copper, and 
tin which form the metal layer is fed into the green com- 

35 pact mold and compressed, and the other one of the 
carbon powder and the mixed powder comprising the 
carbon, copper, and tin is thereafter fed in and com- 
pressed. This regulates the thickness of the carbon 
layer in the sintered segment, and prevents shortening 

40 of the life of the carbon commutator due to exposure of 
the metal layer. 

[0018] The carbon commutator according to the 
present invention comprises a plurality of segments 
having ends which are sliding members on a brush and 

45 the other ends to which conductive terminal members 
are attached, wherein the segments are arranged in a 
circumferential direction on an insulating boss member 
and are insulated from each other, carbon layers being 
formed on the sliding member sides of the segments, 

so metal layers being formed between the carbon layers 
and the conductive terminal members by sintering a first 
material of a principal component of the conductive ter- 
minal member with a second material which can alloy 
with the first material, intermediate layers being formed 

55 between the metal layers and the carbon layers, the 
intermediate layers comprising carbon and the first 
material of the principal component of the conductive 
terminal member. The metal layers are formed by sinter- 
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ing carbon, the first material of a principal component of 
the conductive terminal member, and the second mate- 
rial have a melting point lower than that of the first mate- 
rial, for example, carbon, copper, and tin. Zinc, 
antimony, or lead may be substituted for the tin in the 
metal layer. The carbon commutator is produced by fill- 
ing a space around the conductive terminal members 
with a metal powder to form the metal layer, filling a 
space on the side of the sliding members with, filling a 
space between them with a mixed powder comprising 
carbon and copper, and compacting and sintering them. 
During the sintering, the tin powder which has a low 
melting point of 232°C mefts such that copper particles 
and the conductive terminal members become wet, 
thereby liquid phase sintering occurs. 
[001 9] During the liquid phase sintering, the copper 
melts into the liquid phase of the molten tin, and the 
amount of the liquid phase has increased so as to 
increase the ratio of the copper content until it is satu- 
rated with the solid phase component, while the tin has 
been diffused in the copper solid phase. The particles 
are rearranged so as to relax compressive stress aris- 
ing from thermal expansion of the conductive terminal 
members. The small copper particles preferentially melt 
in the liquid phase and are deposited on the large cop- 
per particles as a solid phase. The grain growth is pro- 
moted during the dissolution and deposition process, so 
that the copper component in the metal layer alloys with 
the tin component (production of bronze) to integrate 
the conductive terminal members with the carbon lay- 
ers, relaxing the compressive stress. Thus, the seg- 
ments and the conductive terminal members are 
reliably integrated electrically and mechanically. By sin- 
tering in which the tin component in the metal layer 
forms the liquid phase, even when gaps and slippage 
occur between the conductive terminal member and the 
carbon layer because of the difference in ratio of the 
contraction and the thermal expansion, the gap is filled 
with the liquid phase and the compressive stress is 
relaxed, thus preventing separation between the metal 
layer, the conductive terminal member, and the carbon 
layer and ensuring reliable bonding therebetween. 
When the metal layer is arranged only on the side of the 
carbon layer with respect to the conductive terminal 
member, the sufficient electrical and mechanical bond- 
ing can be achieved. 

[0020] The intermediate layer comprising carbon 
and copper is formed between the metal layer and the 
carbon layer. During the sintering, the liquid phase aris- 
ing in the metal layer is diffused into the intermediate 
layer, alloying with the copper in the intermediate layer, 
so that the metal layer and the intermediate layer are 
bound, while the carbon in the intermediate layer is 
bound with the carbon in the carbon layer, thus integrat- 
ing the carbon layer with the intermediate layer. As a 
result, the carbon layer and the metal layer are inte- 
grated through the intermediate layer, and the segment 
and the conductive terminal member are electrically 



and mechanically combined. As compared with a case 
in which a carbon layer is directly layered on the metal 
layer comprising copper and tin, compressive stress 
can be relaxed, and even when the sintering tempera- 
5 ture is comparatively high, separation between the lay- 
ers can be prevented. 

[0021 ] Regarding the ratio of the carbon to the cop- 
per in the intermediate layer, when the percentage con- 
tent of the carbon in the intermediate layer is too low, 

10 the carbon layer and the intermediate layer separate 
easily. When the percentage content of the carbon in 
the intermediate layer is too high and the percentage 
content of the copper is low, the difference between the 
intermediate layer and the carbon layer may disappear. 

is and this makes the metal layer and the intermediate 
layer separate easily. Therefore, the percentage content 
by weight of the carbon in the intermediate layer may 
preferably be in a range of 10 to 40 wt%. The percent- 
age content of the carbon in the intermediate layer may 

20 be gradually or continuously increased from the metal 
layer toward the carbon layer, providing gradual distribu- 
tion in the intermediate layer, and this improves the 
bonding between the carbon layer, the metal layer, and 
the intermediate layer. 

25 [0022] When the ratio of the tin component to the 
copper component in the metal layer is too high, an 
undesirable brittle phase of the intermetallic compound 
may form during the sintering, and depending on the 
sintering temperature the concentration of tin compo- 

30 nent may exceed the upper limit of the concentration of 
tin in a stable a solid solution in the copper tin alloy 
series. On the other hand, when the tin component ratio 
is too low, the molten tin alloys preferentially with the 
copper powder particles which have small diameters. 

35 This reduces the ratio of alloy with the conductive termi- 
nal member and inhibits the relaxation of the compres- 
sive stress against the carbon layer, so that sufficient 
bonding between the metal layer, the conductive termi- 
nal member, and the carbon layer is not achieved. To 

40 avoid this, the weight ratio of the copper to the tin in the 
metal layer is in a range from 98.0 : 2.0 to 86.5 : 13.5, 
and more preferably in a range from 95.0 : 5.0 to 90.0 : 
10.0. 

[0023] To produce the segments, the carbon pow- 
45 der forming the carbon layer, the mixed powder forming 
the intermediate layer comprising the carbon and the 
copper, and the mixed powder forming the metal layer 
comprising the copper and the tin are pressed to pro- 
duce a green compact, and subsequently the green 
so compact is sintered. When the sintering temperature is 
too low, the above mentioned effect is not obtained, 
making the bonding of the segments with the conduc- 
tive terminal members unstable. When the sintering 
temperature is too high, the liquid phase may increase 
55 so that the shape of the compact cannot be maintained. 
To solve the problem, the sintering temperature is pref- 
erably set in a range of 800°C to 850°C in the method 
for producing the carbon commutator of the present 
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invention. Herein, because the intermediate layer 
relaxes the thermal compressive stress when the sinter- 
ing temperature is high, the stable bonding can be 
achieved even when the sintering temperature is 
increased to 900°C on condition that the shape of the 5 
sintered body can be maintained. 

[0024] When forming the green compact, one of the 
carbon powder forming the carbon layer and the mixed 
powder comprising the copper and tin which form the 
metal layer is fed into the green compact mold and com- 10 
pressed, the mixed powder comprising the carbon and 
the copper is fed in to form the intermediate layer, and 
the other one of the carbon powder and the mixed pow- 
der comprising the copper and tin is thereafter fed in 
and compressed. This regulates the thickness of the 15 
carbon layer in the sintered segment, and prevents 
shortening of the life of the carbon commutator due to 
exposure of the metal layer. 

Brief Description of Drawings 20 
[0025] 

Rg. 1 is a top view showing a side of top surfaces 
3a of segments 3 of carbon commutator 1 accord- 25 
ing to an embodiment of the present invention. 
Rg. 2 is a cross-sectional view from line Z-Z of Fig. 
1. 

Rg. 3(a) is a top view showing a riser piece element 
plate 21 obtained by a method for producing the 30 
carbon commutator 1 according to the embodiment 
of the present invention, and Fig. 3(b) is a cross- 
sectional view from line b-b of Fig. 3(a). 
Rgs. 4(a) to 4(c) are cross-sectional views of a 
green compact mold 25 used in the method for pro- 35 
ducing the carbon commutator 1 according to the 
embodiment of the present invention. Fig. 4(a) 
shows a situation in which the green compact mold 
25 is separated, Fig. 4(b) shows a situation in which 
a carbon powder layer 26 and a metal powder layer 40 
27 are formed, and Fig. 4(c) shows a situation in 
which the powders are compressed by pressure 
hardening templates 28A and 28B. 
Rg. 5 is a schematic cross-sectional view of a 
green compact 29 in the method for producing the 45 
carbon commutator 1 according to the embodiment 
of the present invention. 

Rg. 6 is a schematic cross-sectional view of a sin- 
tered compact 29 in the method for producing the 
carbon commutator 1 according to the embodiment so 
of the present invention. 

Rg. 7(a) is a top view showing the sintered compact 
30 to which the riser piece element plate 21 is con- 
nected, and Fig. 7(b) is a cross-sectional view from 
line b-b of Fig. 7(a). ss 
Rg. 8 is a graph showing a relationship between a 
weight ratio of a tin component in a metal layer 1 1 
and a peeling strength of the metal layer 1 1 , a car- 



bon layer 10, and a riser piece 4 (copper plate 31). 

Rg. 9 is a cross-sectional view of a test piece used 
in the measurement of the relationship shown in 
Fig. 8. 

Rg. 10 is a top view showing a side of top surfaces 
103a of segments 103 of carbon commutator 101 
according to an embodiment of the present inven- 
tion. 

Rg. 1 1 is a cross-sectional view from line Z-Z of 
Rg. 10. 

Rg. 12(a) is a top view showing a riser piece ele- 
ment plate 121 obtained by a method for producing 
the carbon commutator 101 according to the 
embodiment of the present invention, and Rg. 
12(b) is a cross-sectional view from line b-b of Fig. 
12(a). 

Rgs. 13(a) to 13(c) are cross-sectional views of a 
green compact mold 125 used in the method for 
producing the carbon commutator 101 according to 
the embodiment of the present invention. Fig. 13(a) 
shows a situation in which the green compact mold 
125 is separated, Fig. 13(b) shows a situation in 
which a carbon powder layer 1 26 and a mixed pow- 
der layer 127 are formed, and Fig. 13(c) shows a 
situation in which the powders are compressed by 
pressure hardening templates 128A and 128B. 
Rg. 14 is a schematic cross-sectional view of a 
green compact 129 in the method for producing the 
carbon commutator 101 according to the embodi- 
ment of the present invention. 
Rg. 15 is a schematic cross-sectional view of a sin- 
tered compact 129 in the method for producing the 
carbon commutator 101 according to the embodi- 
ment of the present invention. 
Rg. 16(a) is a top view showing the sintered com- 
pact 130 to which the riser piece element plate 121 
is connected, and Rg. 16(b) is a cross-sectional 
view from line b-b of Fig. 7(a). 
Rg. 17 is a graph showing a relationship between a 
percentage content of carbon in a metal layer 111, 
a transverse strength of the metal layer 111, and a 
peel strength between the metal layer 1 1 1 , a car- 
bon layer 110, and a riser piece 104 (copper plate 
133). 

Rg. 18 is a perspective view showing a test piece 

131 used in the measurement of the transverse 
strength shown in Fig. 17. 

Rg. 19 is a perspective view showing a test piece 

132 used in the measurement of the peel strength 
shown in Fig. 1 7. 

Rg. 20 is a top view showing a side of top surfaces 
203a of segments 203 of carbon commutator 201 
according to an embodiment of the present inven- 
tion. 

Rg. 21 is a cross-sectional view from line Z-Z of 
Rg. 20. 

Rg. 22(a) is a top view showing a riser piece ele- 
ment plate 221 obtained by a method for producing 
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the carbon commutator 201 according to the 
embodiment of the present invention, and Fig. 
22(b) is a cross-sectional view from line b-b of Fig. 
22(a). 

Figs. 23(a) to 23(c) are cross-sectional views of a 
green compact mold 225 used in the method for 
producing the carbon commutator 201 according to 
the embodiment of the present invention. Fig. 23(a) 
shows a situation in which the green compact mold 
225 is separated, Fig. 23(b) shows a situation in 
which a carbon powder layer 226 and mixed pow- 
der layers 227 and 228 are formed, and Fig. 23(c) 
shows a situation in which the powders are com- 
pressed by pressure hardening templates 229A 
and 229 B. 

Fig. 24 is a schematic cross-sectional view of a 
green compact 230 in the method for producing the 
carbon commutator 201 according to the embodi- 
ment of the present invention. 
Fig. 25 is a schematic cross-sectional view of a sin- 
tered compact 231 in the method for producing the 
carbon commutator 201 according to the embodi- 
ment of the present invention. 
Fig. 26(a) is a top view showing the sintered com- 
pact 231 to which the riser piece element plate 221 
is connected, and Fig. 26(b) is a cross-sectional 
view from line b-b of Fig. 26(a). 
Fig. 27 is a graph showing a relationship between a 
percentage content of carbon in an intermediate 
layer 212, and a peel strength between the interme- 
diate layer 212, a carbon layer 210. and a metal 
layer 211. 

Fig. 28 is a cross-sectional view of a test piece 
231 used in the measurement of the relationship 
shown in Fig. 27. 

Description of the Preferred Embodiments 
(First Embodiment) 

[0026] Figs. 1 and 2 show one embodiment of a 
carbon commutator according to the present invention. 
The carbon commutator 1 of the invention, which is 
applied to, for example, a motor in an in-tank type fuel 
feed pump, is flattened, and comprises a nearly disc- 
shaped boss member 2 made of insulating resin, and a 
plurality of segments 3 (eight segments in this embodi- 
ment) which are located at regular intervals in a circum- 
ferential direction, forming an annular shape on a 
circular top surface 2a of the boss member 2. Top sur- 
faces 3a of the segments 3 are sliding members in con- 
tact with a brush of a motor. Further, each segment 3 
has a riser piece 4 which is a conductive terminal mem- 
ber, and one end 4a of the riser piece 4 projects outward 
from the boss member 2. 

[0027] On the top surface 2a of the boss member 2. 
a cylindrical inside wall 5 is built at the center and a 
cylindrical outside wall 6 is built at the periphery, while 



the top surfaces 3a of the segments 3 are shaped into 
sectorial blocks as shown in Fig. 1. The segments 3 are 
located radially between the inside wall 5 and the out- 
side wall 6, and are arranged in a circumferential direc- 

5 tion on the boss member 2 as described above. 
Between the neighboring segments 3, slits 7 extend in 
radial cf recti ons on the boss member 2 to form grooves 
2b indented by one step from the top surface 2a through 
the inside wall 5 and the outside wall 6. insulating the 

w neighboring segments 3 from each other. An axis hole 8 
in the inside wall 5 reaches the other surface of the boss 
member 2, and is used to mount the carbon commutator 

1 to the rotation axis of the motor. 

[0028] As shown in Fig. 2, a circumferential outside 
is surface 5a of the inside wall 5 of the boss member 2 
contacts with concave arc surfaces 3b at inner sides of 
the segments 3, while inside surface 6a of the outside 
wall 6 contacts with convex arc surfaces 3c at the outer 
sides of the segments 3. A top surface 5b of the inside 
20 wall 5 is lower than the top surfaces 3a of the segments 
3. while the top surface 6b of the outside wall 6 corre- 
sponds to the top surfaces 3a. A step 9 is shaped on 
corners between the top surface 2a of the boss member 

2 and an inside surface 6a of the outside wall 6. 

25 [0029] The riser pieces 4, which are conductive ter- 
minal members in this embodiment, are formed into 
plate-shapes of copper or copper alloy, and are embed- 
ded above rear surfaces 3d of the segments 3 raised 
slightly towards the top surfaces 3a. as shown in Fig. 2. 

30 The riser pieces 4 extend outward in the radial direction 
of the boss member 2 from nearly the middle of the seg- 
ment 3 through the outside wall 6. are bent at the rear 
portion to form L-shapes, and extend via wide portions 
4b along the outside circumference of the outside wall 6 

35 to ends 4a. The ends 4a are formed into V-shapes by 
bending projections, which extend outward, toward the 
front side. The other ends 4c of the riser pieces 4 project 
from the rear surfaces 3d of the segments 3 and are 
embedded vertically in top surface 2a of the boss mem- 

40 ber 2. 

[0030] In the embodiment of the carbon commuta- 
tor 1 , portions including the top surfaces 3a, which are 
sliding members of the segments 3, are carbon layers 
10 in which carbon and appropriate binder are mixed. 

45 Portions including the rear surfaces 3d around the riser 
pieces 4 are metal layers 11 of copper and material 
which can alloy with the riser pieces 4 of the conductive 
terminal member and have a melting point lower than 
that of the riser pieces 4, for example, tin. In the metal 

so layers 1 1, an alloy of copper and tin. that is bronze, is 
deposited due to liquid phase sintering of copper and 
tin, and this alloy affects the riser pieces 4 of copper or 
copper alloy, thus integrating the riser pieces 4 with the 
carbon layers 1 0 and the metal layers 1 1 . that is, the 

55 segments 3. The weight ratio of copper to tin in the 
metal layers 11 is in a range from 98.0 : 2.0 to 86.5 : 
13.5, and preferably in a range of 95.0 : 5.0 to 90.0 : 
10.0. and in this embodiment, it is set to 90.0 : 10.0. The 
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metal layers 1 1 have a thickness of approximately 1/2 of 
that of the segments 3. In addition, at least one material 
selected from the a group of zinc, antimony, and lead 
may be substituted for all or a part of the tin in the metal 
layer 1 1 . 

[0031] Referring to Figs. 3 to 7, a method for pro- 
ducing the carbon commutator 1 described above 
according to the embodiment of the present invention 
will be explained. Before manufacturing the carbon 
commutator 1 , a riser piece element plate 21 , which is a 
prototype of the riser pieces 4 to be integrated with the 
segments 3 shown in Fig. 3, is prepared. The riser piece 
element plate 21 of circular outline is a copper plate or 
a copper alloy plate, and in this embodiment, is manu- 
factured by pressing of an oxygen-free copper plate of 
0.6 mm in thickness. The riser piece element plate 21 
have an annular ring-shaped member 22 with an inner 
diameter greater than an outside diameter of the pro- 
duced carbon commutator 1, and riser piece elements 
23 of the same number of the riser pieces 4 are inte- 
grally formed at the inner rim of the ring-shaped mem- 
ber 22. The riser piece element plate 21 have the shape 
of unbent riser pieces 4 excluding the inner ends 23a as 
the above described other ends 4c of the riser pieces 4 
which are bent beforehand, and extend in radial direc- 
tions in a fashion similar to the riser pieces 4 in the seg- 
ments 3 located in the circumferential direction in the 
finished carbon commutator 1. Outer ends 23b corre- 
sponding to the ends 4a of the riser pieces 4 are inte- 
grally connected to the ring-shaped member 22. 
[0032] As shown in Fig. 4(a), the riser piece ele- 
ment plate 21 is placed on a green compact mold 25 
with an annular cavity 24 whose dimensions are set in 
view of contraction in size in sintering with respect to the 
dimensions of the segments 3. The riser piece element 
plate 21 is placed such that the axes of the riser piece 
element plate 21 and the cavity 24 are aligned. As 
shown in Fig. 4(b), a mixed powder comprising the car- 
bon powder and the binder is fed into the cavity 24 to 
form a carbon powder layer 26 on a side corresponding 
to the top surfaces 3a of the segments 3 (the bottom of 
the cavity 24). Subsequently, a mixed powder compris- 
ing copper and tin is fed in to form a metal powder layer 
27 in a side corresponding to the rear surfaces 3d 
around the riser piece elements 23 of the riser piece 
element plate 21. Preferably, when filling the cavity 24 
with the carbon powder layer 26 and the metal powder 
layer 27, the carbon powder layer 26 is formed by filling 
the bottom side of the cavity 24 with the mixed powder 
comprising the carbon powder and the binder, subse- 
quently the carbon powder layer 26 is made uniform in 
thickness by slightly pressing the carbon powder layer 
26 using a temporary press template, and subsequently 
the metat powder layer 27 is formed by feeding the 
mixed powder of copper and tin on the carbon powder 
layer 26. 

[0033] In the embodiment, the mixed powder of the 
carbon powder layer 26 is produced by mixing the mixed 



carbon powder comprising natural and artificial graphite 
with a phenol binder, subsequently kneading, drying, 
grinding, and grading the powder by size, and regulating 
the grain size to less than 500 urn. The mixed powder of 
5 the metal powder layer 27 is produced by blending an 
electrolytic copper powder with a pulverized tin powder 
at a predetermined weight ratio and mixing the powders 
using a V-type mixer. 

[0034] The carbon powder layer 26 and the metal 

io powder layer 27 in the cavity 24 are compressed and 
molded together with the riser piece element plate 21 by 
pressure hardening templates 28A and 28B at a com- 
paratively high compacting pressure of around 3 t/cm 2 
using an oil hydraulic press as shown in Fig. 4(c), so 

15 that an annular green compact (compressed powder 
compact) 29 including two layers, which are the carbon 
powder layer 26 and the metal powder layer 27, is 
formed as shown in Fig. 5. In the powder compacting, 
the bent inner ends 23a of the riser piece elements 23 

20 protrude from the metal powder layer 27 so as to be 
accommodated in recesses 28a on the pressure hard- 
ening template 28A. Then, the molded green compact 
29 is removed together with the riser piece elements 21 
from the green compact mold 25. 

25 [0035] Next, the green compact 29 is charged and 
baked in a sintering furnace, so that an annular sintered 
compact 30 of a prototype of the segments 3 is obtained 
as shown in Figs. 6 and 7. In this process, the carbon 
powder layer 26 and the metal powder layer 27 of the 

30 green compact 29 are sintered together to produce the 
sintered compact 30. The carbon powder in the carbon 
powder layer 26 is bound with the binder so that the car- 
bon layer 10 is formed, while liquid phase sintering 
occurs in the metal powder layer 27 so that surfaces of 

35 the riser piece elements 23 are alloyed with the copper 
powder and the tin powder, thus forming the metal layer 
1 1 integrally combined with the riser piece elements 23. 
The carbon layer 10 around the top surface 3a, which is 
the sliding member of the segments 3, and the metal 

40 layer 1 1 around the rear surfaces 3d are electrically and 
mechanically combined with the riser piece element 23 
which is the riser piece 4. Preferably, the temperature at 
which the green compact 29 is sintered to produce the 
sintered compact 30 is set in a range of 800 to 850°C, 

45 and in this embodiment, the temperature is set to 
approximately 825°C. 

[0036] Subsequently, the boss member 2 is inte- 
grally formed by pressing (molding) using insulating 
resin. In the sintered compact 30 shown in Fig. 7, the 

so ends of the riser piece elements 23 (the ends 4a and 
the wide portions 4b of the riser pieces 4) protrude from 
the circumference of the annular sintered compact 30. 
The ring-shaped member 22 is still integrally connected 
around the circumference. The inner ends 23a of the 

55 riser piece elements 23 protrude from surfaces of the 
metal layer 1 1 corresponding to the rear surface 3d of 
the segment 3. The sintered compact 30 is accommo- 
dated in a mold which has a circular cavity with a diam- 
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eter greater than the diameter of the sintered compact 
30 by the thickness of the outside wall 6 of the boss 
member 2 and in which a column corresponding to the 
position of the axis hole 8 is built. The surface of the 
metal layer 1 1 faces the cavity and the axes of the sin- 
tered compact 30 and the cavity are aligned. Subse- 
quently, molten resin is fed into the cavity, and pressing 
and cooling are carried out Thus, the boss member 2. 
which has the inside wall 5. the outside wall 6, and the 
axis hole 8, and in which the inner ends 23 of the riser 
piece elements 23 are embedded into the top surface 
2a. is integrally formed with the sintered compact 30. 
[00371 After the boss member 2 is integrally formed 
with the sintered compact 30, the riser piece element 
plate 21 is still attached around the circumference of the 
boss member 2. The connections between the outer 
ends 23b of the riser piece elements 23 of the riser 
piece element plate 21 and the ring-shaped member 22 
are cut down to separate the riser piece elements 23. 
The wide portions 4b are bent toward the rear and are 
curved along the circumference of the outside wall 6. 
and the outer ends 23b are bent so as to have a V- 
shape. forming the riser pieces 4 into the above- 
described shapes. Between neighboring riser pieces 4. 
the slits 7 have a depth formed by cutting completely 
through the sintered compact 30 and slightly into the top 
surface 2a of the boss member 2. so as to extend in 
radial directions of the annular sintered compact 30 
from the circumference of the outside wall 6 to the axis 
hole 8. The sintered compact 30 is thus divided into sec- 
torial blocks of the segments 3, which are insulated from 
each other, at which point the carbon commutator 1 is 
completed. 

[0038] In the manufactured carbon commutator 1, 
because the top surfaces 3a corresponding to sliding 
members on the brush contain the carbon layers 10. 
erosion of the segments 3 and deterioration of the fuel 
can be prevented even in the motor in the in-tank type 
fuel feed pump for fuel which contains a large portion of 
alcohol. On the other hand, by sintering copper with tin 
to produce the metal layer 1 1 around the riser pieces 4 
and by alloying the metal layer 1 1 with the riser pieces 4 
through liquid phase sintering, the segments 3 and the 
riser pieces 4 are reliably integrated electrically and 
mechanically. Further, through the liquid phase sinter- 
ing of the metal layer 1 1 , the small copper powder parti- 
cles melt prior to the others and are deposited on large 
particles, thereby rearranging the particles, so that com- 
pressive stress due to thermal expansion in the riser 
pieces 4 (riser piece elements 23) can be relaxed. Fur- 
thermore, because gaps around the riser piece ele- 
ments 23 are filled with the liquid phase irrespective of 
thermal expansion and contraction in the riser piece ele- 
ments 23. the sintered segments 3 can be more reliably 
and firmly integrated with the riser pieces 4. 
[0039] Because the liquid phase occurs and exists 
in the metal layer 1 1 , compressive stress between the 
carbon layer 10 and the metal layer 1 1 is relaxed. Even 



when gaps occur between the carbon layer 10 and the 
metal layer 11 due to difference in contraction and 
expansion during the sintering of the green compact 29, 
the gaps are filled with the liquid phase of copper tin 
5 alloy, and this secures the bonding of the carbon layer 
10 to the metal layer 1 1 . The molten copper tin alloy in 
the liquid phase sintering is apt to come in between the 
particles of the carbon layer 10, so that an anchoring 
effect can be obtained between the carbon layer 1 0 and 
to the metal layer 1 1 , thereby making separation thereof 
difficult. According to the carbon commutator 1 with the 
above construction, irregularity in electrical resistance 
values between the segments 3 and contact failure 
between the segments 3 and the riser pieces 4 due to 
75 incomplete bonding can be prevented. Even in a fuel 
including alcohol mentioned above, superior stability 
and performance on a long-term basis can be obtained. 
[0040] While in the embodiment the weight ratio of 
the copper to the tin in the metal layer 1 1 is set to 90 : 
20 10, when the tin component in the weight ratio is too 
high, a brittle phase of the intermetallic compound of 
copper and tin may form in the metal layer 1 1 during the 
sintering of the green compact 29, and this may inhibit 
secure bonding of the segments 3 and the riser pieces 
25 4. Further, it is undesirable that depending on the sinter- 
ing temperature the concentration of tin component in 
the metal layer 1 1 may exceed the upper limit of the 
concentration of tin in a stable a solid solution in the 
copper tin alloy series. On the other hand, when the tin 
30 component ratio is too low, the molten tin alloys prefer- 
entially with the copper powder particles, which have 
small diameters and are apt to alloy, thereby reducing 
the ratio of alloy with the riser pieces 23. This is undesir- 
able because secure bonding of the segments 3 and the 
35 riser pieces 4 may be inhibited. 

[0041] For example, Fig. 8 shows the tensile load 
(peel strength) at which point separation occurs 
between a copper plate 32 corresponding to the riser 
piece and the metal layer 1 1 produced by sintering of 
40 the copper and the tin, or between the metal layer 1 1 
and the carbon layer 10, in a test piece 31 shown in Fig. 
9. which is pulled in the direction indicated by the arrow 
in the Figure, as the weight ratio of the tin component in 
the metal layer 11 varies. As shown in Fig. 8, when the 
45 weight ratio of the tin component is low, the peel 
strength, that is, the bonding strength is increased as 
the weight ratio of the tin component is increased. When 
the weight ratio of the tin component is in a range of 5.0 
to 10.0 wt%, it becomes stable at a high strength of 
so approximately 1 0 kgf . As the weight ratio of the tin com- 
ponent is increased further, the bonding strength 
decreases. Further, when the weight ratio of the tin 
component is low. the copper plate 32 and the metal 
layer 1 1 are separated, whereas when the weight ratio 
55 is high, the carbon layer 10 and the metal layer 1 1 are 
separated in the test piece 31 . 
[0042] As is generally known, the bonding strength 
in the segments of approximately 1 .5 kgf is sufficient in 
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the commutator. Accordingly, from the result shown in 
Fig. 8, the weight ratio of the tin component of more 
than 2.0 wt% in the metal layer 1 1 may be sufficient. On 
the other hand, in the copper tin alloy, the upper limit of 
the tin component concentration in the stable a solid 
solution around 800°C where the liquid phase sintering 
occurs is 13.5 wt%. Accordingly, the weight ratio of the 
copper to the tin is preferably set in a range of 98.0 : 2.0 
to 86.5 : 13.5. To secure bonding with a strength 
between the metal layer 11, the riser pieces 4, and the 
carbon layer 10 sufficient enough to prevent the separa- 
tion even when the sintering temperature is varied, the 
weight ratio of the copper to the tin in the metal layer 1 1 
is preferably set in a range of 95.0 : 5.0 to 90.0 : 1 0.0. 
[0043] In the method for producing the carbon com- 
mutator 1 , the carbon powder and the mixed powder of 
copper and tin, which are layered together, are pressed 
to form the green compact 29 with the riser piece ele- 
ment plate 21, the green compact 29 is sintered at 
825°C to produce the sintered compact 30, and the seg- 
ments 3 are thereafter formed. When the sintering tem- 
perature is too low, the phase liquid sintering is not 
sufficiently promoted, thus inhibiting the secure bonding 
of the segments 3 with the riser pieces 4. When the sin- 
tering temperature is too high, the copper component 
melting into the phase of the molten tin is increased, 
and may flow out along the riser piece elements 23 in 
the sintering process, and the shape of the sintered 
compact 30 may not be maintained. To avoid this, the 
sintering temperature is preferably set in a range of 
800°C to 850°C as described above when the green 
compact 29 including the carbon powder layer 26 and 
the metal powder layer 27 is sintered to provide the seg- 
ments 3. 

[0044] Preferably, when forming the green compact 
29, one of the carbon powder layer 26 and the metal 
powder layer 27 (the carbon powder layer 26 in this 
embodiment) is formed in the mold 25, is temporarily 
pressed to regulate its thickness, and the other layer 
(the metal powder layer 27 in this embodiment) is 
formed and pressed. The processes regulate the thick- 
ness of the carbon layer 10 and the metal layer 1 1 in the 
sintered segment 3. For example, even when friction 
occurs on the top surfaces 3a of the segments 3 which 
are the sliding members on the brush, the metal layers 
can be prevented from being partly exposed because of 
the irregular thickness of the carbon layers 10, and this 
prevents shortening of the life of the carbon commutator 
1 due to the exposure of the metal layer 1 1 . 
[0045] While in the embodiment the carbon powder 
layer 26 is formed and is temporarily pressed, and the 
metal powder layer 27 is thereafter formed, the riser 
piece element plate 21 may be positioned near the bot- 
tom of the compacting mold 25, copper and tin powders 
may be fed in to form the metal powder layer 27 and 
may be temporarily pressed to regulate its thickness, 
and thereafter a carbon powder may be fed in to form 
the carbon powder layer 26. While in the embodiment 
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the metal powder layer 27 is formed around the riser 
piece elements 23, the metal layers 1 1 may be formed 
such that the metal powder layer 27 may be formed on 
the surface of the riser piece elements 23 only on the 
5 side of the carbon powder layer 26, thus advanta- 
geously making the segments 3 thinner. 

[0046] In the method of the embodiment according 
to the present invention, the annular green compact 29 
is compressed and sintered together with the riser piece 

10 element plate 21 to which the riser piece elements 23 
are connected, the boss member 2 of the insulating 
resin is formed by pressing on the annular sintered 
compact 30, and the segments 3 are formed by cutting 
the slits 7 so that the segments 3 are insulated from 

is each other. Alternatively, sectorial blocks of green com- 
pacts 29 may be shaped and sintered together with sep- 
arated riser piece elements 23, the boss member 2 may 
be formed by pressing an insulating resin onto the sin- 
tered segments 3 arranged in a circumferential direction 

20 at intervals, and these segments 3 may be integrated, 
thus completing manufacturing the carbon commutator 
1 . instead of the process of sintering the annular green 
compact 29 to obtain the annular sintered compact 30, 
a green compact of a solid disc shape may be sintered 

25 to obtain a sintered compact of a solid disc shape, a 
passage hole may be made in its center, and the sin- 
tered compact may be divided into sectorial segments 
3. 

[0047] In the carbon commutator 1 of the embodi- 

30 ment, the ends 4c of the riser pieces 4 vertically pro- 
trude from the rear surfaces 3d of the segments 3 and 
are embedded into the top surfaces 2a of the boss 
member 2, thus ensuring a sufficient enough strength of 
the bonding of the boss member 2 to the segments 3. 

35 The ends 4c may be bent at an angle toward the outer 
circumference before pressing the boss member 2, and 
this may increase the bonding strength. Without the pro- 
truding ends 4c of the riser pieces 4, or in addition to the 
above construction, grooves may be formed on the 

40 curved surfaces of the inside and outside circumfer- 
ences of the segments 3 or chamfers may be made at 
corners between these irregularly curved surfaces and 
the top surfaces 3a of the segments 3, and the boss 
member 2 may thereafter be formed by pressing resin, 

45 so that the resin covers the grooves and the chamfers to 
engage the segments 3 with the boss member 2, 
thereby increasing the bonding strength. 
[0048] While in the carbon commutator 1 of the 
embodiment each of the carbon layer 10 and the metal 

so layer 1 1 in the segment 3 has approximately 1/2 of the 
thickness of that of the segment 3, the metal layer 1 1 
may be formed only around the riser piece 4. an inter- 
mediate layer may be formed between the carbon layer 
1 0 and the metal layer 1 1 , and the ratio of the copper 

55 and tin components to the carbon component may be 
increased from the carbon layer 10 toward the metal 
layer 1 1 . Although in the embodiment the carbon com- 
mutator of the present invention used in the in-tank type 
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fuel feed pump is explained, the invention is not limited 
to this embodiment and may be applied to other types of 
motor. The present invention, in which carbon commu- 
tator 1 is flattened in the embodiment, may be applied to 
other general column-shaped commutators. s 

(Second Embodiment) 

[0049] Figs. 10 and 1 1 show one embocGment of a 
carbon commutator according to the present invention. 10 
The carbon commutator 101 of the invention, which is 
applied to, for example, a motor in an in-tank type fuel 
feed pump, is flattened, and comprises a nearly disc- 
shaped boss member 102 made of insulating resin, and 
a plurality of segments 103 (eight segments in this is 
embodiment) which are located at regular intervals in a 
circumferential direction, forming an annular shape on a 
circular top surface 102a of the boss member 102. Top 
surfaces 103a of the segments 103 are sliding mem- 
bers in contact with a brush of a motor. Further, each 20 
segment 103 has a riser piece 104 which is a conduc- 
tive terminal member, and one end 104a of the riser 
piece 104 projects outward from the boss member 102. 
[0050] On the top surface 1 02a of the boss member 
102. a cylindrical inside wall 105 is built at the center 25 
and a cylindrical outside wall 106 is built at the periph- 
ery, while the top surfaces 103a of the segments 103 
are shaped into sectorial blocks as shown in Fig. 10. 
The segments 103 are located so that inner and outer 
circumference surfaces are in contact with the inside 30 
and outside walls 105 and 106. forming a radial shape 
with the center at the inside wall 105, and are arranged 
in a circumferential direction on the boss member 102 
as described above. Between the neighboring seg- 
ments 103. slits 107 extend in radial directions on the 35 
boss member 102 to form grooves 2b indented by one 
step from the top surface 102a through the inside wall 
105 and the outside wall 106, insulating the neighboring 
segments 103 from each other. An axis hole 108 in the 
inside wall 105 reaches the other surface of the boss 40 
member 102, and is used to mount the carbon commu- 
tator 101 to the rotation axis of the motor. A top surface 
105a of the inside wall 105 is lower than the top sur- 
faces 103a of the segments 103, while the top surface 
1 06a of the outside wall 1 06 corresponds to the top sur- 45 
faces 103a. A step 109 is shaped on corners between 
the top surface 102a of the boss member 102 and an 
inside surface of the outside wall 106. 
[0051] The riser pieces 104, which are conductive 
terminal members in this embodiment, are formed into so 
plate-shapes of copper or copper alloy, and are embed- 
ded above rear surfaces 103d of the segments 103 
raised slightly towards the top surfaces 1 03a, as shown 
in Fig. 11. The riser pieces 104 extend outward in the 
radial direction of the boss member 1 02 from nearly the ss 
middle of the segment 103 through the outside wall 1 06, 
are bent at the rear portion to form L-shapes, and 
extend via wide portions 104b along the outside circum- 
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ference of the outside waD 1 06 to ends 1 04a. The ends 
104a are formed into V-shapes by bending projections, 
which extend outward, toward the front side. The other 
ends 104c of the riser pieces 104 project from the rear 
surfaces 103b of the segments 103 and are embedded 
vertically in top surface 1 02a of the boss member 102. 
[0052] In the embodiment of the carbon commuta- 
tor 101 . portions including the top surfaces 103a. which 
are sliding members of the segments 103. are carbon 
layers 110 in which carbon and appropriate binder are 
mixed. Portions including the rear surfaces 103b around 
the riser pieces 104 are metal layers 111 of carbon, 
copper, and material which can alloy with the riser 
pieces 1 04 of the conductive terminal member and have 
a melting point lower than that of the riser pieces 104. 
for example, tin. In the metal layers 1 1 1 . an alloy of cop- 
per and tin, that is bronze, is deposited due to liquid 
phase sintering of copper and tin, and this alloy affects 
the riser pieces 1 04 of copper or copper alloy, thus inte- 
grating the riser pieces 104 with the carbon layers 110 
and the metal layers 111, that is, the segments 103. The 
percentage content by weight of the carbon in the metal 
layer 111 is in a range of 2 to 25 wt%, more preferably 
in a range of 10 to 20 wt%, and in the embodiment it is 
15 wt%. The weight ratio of copper to tin, excluding the 
carbon, in the metal layers 1 1 1 is in a range from 98.0 : 
2.0 to 86.5 : 13.5. and preferably in a range of 95.0 : 5.0 
to 90.0 : 10.0. and in this embodiment, it is set to 90.0 : 
10.0. The metal layers 1 1 1 have a thickness of approxi- 
mately 1/2 of that of the segments 103. In addition, at 
least one material selected from the group of zinc, anti- 
mony, and lead may be substituted for all or a part of the 
tin in the metal layer 111. 

[0053] Referring to Figs. 1 2 to 1 6, a method for pro- 
ducing the carbon commutator 101 described above 
according to the embodiment of the present invention 
will be explained. Before manufacturing the carbon 
commutator 101 . a riser piece element plate 121 , which 
is a prototype of the riser pieces 104 to be integrated 
with the segments 103 shown in Fig. 12, is prepared. 
The riser piece element plate 121 of circular outline is a 
copper plate or a copper alloy plate, and in this embod- 
iment, is manufactured by pressing of an oxygen-free 
copperplate of 0.6 mm in thickness. The riser piece ele- 
ment plate 1 21 have an annular ring-shaped member 
122 with an inner diameter greater than an outside 
diameter of the produced carbon commutator 101, and 
riser piece elements 123 of the same number of the 
riser pieces 104 are integrally formed at the inner rim of 
the ring-shaped member 122. The riser piece element 
plate 121 have the shape of unbent riser pieces 104 
excluding the inner ends 123a as the above described 
other ends 104c of the riser pieces 104 which are bent 
beforehand, and extend in radial directions in a fashion 
similar to the riser pieces 104 in the segments 103 
located in the circumferential direction in the finished 
carbon commutator 101. Outer ends 123b correspond- 
ing to the ends 104a of the riser pieces 104 are inte- 
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grally connected to the ring-shaped member 122. 

[0054] As shown in Fig. 13(a), the riser piece ele- 
ment plate 121 is placed on a green compact mold 125 
with an annular cavity 124 whose dimensions are set in 
view of contraction in size in sintering with respect to the 
dimensions of the segments 103. The riser piece ele- 
ment plate 121 is placed such that the axes of the riser 
piece element plate 121 and the cavity 124 are aligned. 
As shown in Fig. 13(b), a mixed powder comprising the 
carbon powder and the binder is fed into the cavity 124 
to form a carbon powder layer 126 on a side corre- 
sponding to the top surfaces 103a of the segments 103 
(the bottom of the cavity 124). Subsequently, a mixed 
powder comprising carbon, copper, and tin is fed in to 
form a mixed powder layer 127 in a side corresponding 
to the rear surfaces 103d around the riser piece ele- 
ments 123 of the riser piece element plate 121. In the 
embodiment, the mixed powder of the carbon powder 
layer 126 is produced by mixing the mixed carbon pow- 
der comprising natural and artificial graphite with a phe- 
nol binder, subsequently kneading, drying, grinding, 
and grading the powder by size, and regulating the grain 
size to less than 500 urn. The mixed powder of the 
mixed powder layer 127 is produced by blending the 
mixed carbon powder comprising natural and artificial 
graphite, an electrolytic copper powder, and a pulver- 
ized tin powder at a predetermined weight ratio and mix- 
ing the powders using a V-type mixer. 
[0055] Preferably, when filling the cavity 124 with 
the carbon powder layer 126 and the mixed powder 
layer 127, the carbon powder layer 126 is formed by fill- 
ing the bottom side of the cavity 124 with the mixed 
powder comprising the carbon powder and the binder, 
subsequently the carbon powder layer 126 is made uni- 
form in thickness by slightly pressing the carbon powder 
layer 126 using a temporary press template, and subse- 
quently the mixed powder layer 127 is formed by feed- 
ing the mixed powder of copper and tin on the carbon 
powder layer 126. The carbon powder layer 126 and the 
mixed powder layer 127 in the cavity 124 are com- 
pressed and molded together with the riser piece ele- 
ment plate 121 by pressure hardening templates 128A 
and 128B at a comparatively high compacting pressure 
of around 3 t/cm 2 using an oil hydraulic press as shown 
in Fig. 13(c), so that an annular green compact (com- 
pressed powder compact) 129 including two layers, 
which are the carbon powder layer 126 and the mixed 
powder layer 127, is formed as shown in Fig. 14. In the 
powder compacting, the bent inner ends 123a of the 
riser piece elements 1 23 protrude from the mixed pow- 
der layer 127 so as to be accommodated in recesses 
128a on the pressure hardening templates 128 A. 
[0056] Then, the molded green compact 129 is 
removed together with the riser piece elements 21 from 
the green compact mold 125. Next, the green compact 
1 29 is charged and baked in a sintering furnace, so that 
an annular sintered compact 130 of a prototype of the 
segments 103 is obtained as shown in Figs. 15 and 16. 



22 

In this process, the carbon powder layer 126 and the 
mixed powder layer 127 of the green compact 129 are 
sintered together to produce the sintered compact 130. 
The carbon powder in the carbon powder layer 126 is 

5 bound with the binder so that the carbon layer 110 is 
formed, while liquid phase sintering occurs in the mixed 
powder layer 1 27 so that surfaces of the riser piece ele- 
ments 123 are alloyed with the copper powder and the 
tin powder, thus forming the metal layer 1 1 1 integrally 

10 combined with the riser piece elements 123. The car- 
bon layer 110 around the top surface 103a, which is the 
sliding member of the segment 103, and the metal layer 
111 around the rear surfaces 103d are electrically and 
mechanically combined with the riser piece element 

15 1 23 which is the riser piece 104. Preferably, the temper- 
ature at which the green compact 1 29 is sintered to pro- 
duce the sintered compact 130 is set in a range of 800 
to 850°C, and in this embodiment, the temperature is 
set to approximately 825°C. 

20 [0057] Subsequently, the boss member 102 is inte- 
grally formed by pressing (molding) using insulating 
resin. In the sintered compact 130 shown in Fig. 16, the 
ends of the riser piece elements 123 (the ends 104a 
and the wide portions 104b of the riser pieces 104) pro- 

25 trude from the circumference of the annular sintered 
compact 130. The ring-shaped member 122 is still inte- 
grally connected around the circumference. The inner 
ends 123a of the riser piece elements 123 protrude 
from surfaces of the metal layer 1 1 1 corresponding to 

30 the rear surface 103d of the segment 103. The sintered 
compact 130 is accommodated in a mold which has a 
circular cavity with a diameter greater than the diameter 
of the sintered compact 1 30 by the thickness of the out- 
side wall 106 of the boss member 102 and in which a 

35 column corresponding to the position of the axis hole 
1 08 is built. The surface of the metal layer 1 1 1 faces the 
cavity and the axes of the sintered compact 130 and the 
cavity are aligned. Subsequently, molten resin is fed into 
the cavity, and pressing and cooling are carried out. 

40 Thus, the boss member 102, which has the inside wall 
105, the outside wall 106, and the axis hole 108, and in 
which the inner ends 123 of the riser piece elements 
123 are embedded into the top surface 102a, is inte- 
grally formed with the sintered compact 130. 

45 [0058] After the boss member 102 is integrally 
formed with the sintered compact 130, the riser piece 
element plate 121 is still attached around the circumfer- 
ence of the boss member 102. The connections 
between the outer ends 123b of the riser piece ele- 

50 ments 123 of the riser piece element plate 121 and the 
ring-shaped member 122 are cut down to separate the 
riser piece elements 123. The wide portions 104b are 
bent toward the rear and are curved along the circum- 
ference of the outside wall 106, and the outer ends 123b 

55 are bent so as to have a V-shape, forming the riser 
pieces 104 into the above-described shapes. Between 
neighboring riser pieces 104, the slits 107 have a depth 
formed by cutting completely through the sintered com- 
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pact 130 and slightly into the top surface 102a of the 
boss member 1 02. so as to extend in radial directions of 
the annular sintered compact 130 from the circumfer- 
ence of the outside wall 106 to the axis hole 108. The 
sintered compact 130 is thus divided into sectorial 
blocks of the segments 103, which are insulated from 
each other, at which point the carbon commutator 1 01 is 
completed. 

[0059] In the manufactured carbon commutator 
101, because the top surfaces 103a corresponding to 
sliding members on the brush contain the carbon layers 

110, erosion of the segments 103 and deterioration of 
the fuel can be prevented even in the motor in the in- 
tank type fuel feed pump for fuel which contains a large 
portion of alcohol. On the other hand, by sintering car- 
bon, copper, and tin to produce the metal layer 111 
between the riser piece 1 04, which is the conductive ter- 
minal member, and the carbon layer 1 10, and by alloy- 
ing the metal layer 1 1 1 with the riser pieces 1 04 through 
liquid phase sintering, the segments 103 and the riser 
pieces 104 are reliably integrated electrically and 
mechanically, and the molten copper tin alloy in the liq- 
uid phase sintering comes in between the particles of 
the carbon layer 1 10, so that an anchoring effect against 
the carbon layer 110 can be obtained. Further, the car- 
bon contained in the metal layer 1 1 1 is bound with the 
carbon layer 110, providing the anchoring effect there- 
between, and the sintered segments 103 can be more 
reliably and firmly integrated with the riser pieces 104. 
[0060] Through the liquid phase sintering of the 
metal layer 1 1 1 , the small copper powder particles melt 
prior to the others and are deposited on large particles, 
thereby rearranging the particles, so that compressive 
stress due to thermal expansion in the riser pieces 104 
(riser piece elements 123) can be relaxed, and gaps 
around the riser piece elements 123 are filled with the 
liquid phase irrespective of thermal expansion and con- 
traction in the riser piece elements 123. The existing liq- 
uid phase relaxes the compressive stress between the 
carbon layer 110 and the metal layer 111. Even when 
gaps occur between the carbon layer 110 and the metal 
layer 1 1 1 due to difference in contraction and expansion 
therebetween during the sintering of the green compact 
1 29, the gaps are filled with the liquid phase of copper 
tin alloy. The metal layer 1 1 1 contains the carbon, so 
that the thermal stress between the carbon layer 110 
and the metal layer 1 1 1 is relaxed. Therefore, the bond- 
ing between the carbon layer 110 and the metal layer 

111, and the bonding between the metal layer 1 1 1 and 
the riser piece 104 are difficult to break. According to 
the carbon commutator 101 with the above construc- 
tion, irregularity in electrical resistance values between 
the segments 103 and contact failure between the seg- 
ments 103 and the riser pieces 104 due to incomplete 
bonding can be prevented. Even in a fuel including alco- 
hol mentioned above, superior stability and perform- 
ance on a long-term basis can be obtained. 

[0061] The copper tin alloy in the metal layer 111 



produced by the liquid phase sintering is harder than a 
conventional layer produced by sintering only the cop- 
per powder. When the metal layer 1 1 1 comprises only 
the copper tin alloy, workability of the sintered compact 

5 130 in the formation process of the slits 1 07, which insu- 
late the segments 103 from each other, becomes 
worse, and this lengthens machining time and leads to 
shortening of the life of a cutting tool for making the slits. 
In the carbon commutator 101 , the metal layer 1 1 1 con- 

10 tains the carbon which is comparatively soft, and this 
prevents the metal layer 111 from becoming too hard. It 
is therefore possible to shorten the machining time and 
to lengthen the life of the cutting tool. When the metal 
layer 1 1 1 comprises only the copper and the tin and the 

75 sintering temperature is too high, the liquid phase may 
flow out during the sintering process, and the shape of 
the sintered compact 130 may not be maintained. In the 
carbon commutator 101, the carbon in the metal layer 
111 does not soften and melt, and works as aggregate 

20 to stabilize the shape of the metal layer 1 1 1 , so that the 
sintered compact 130 having the desired shape and 
dimensions can be formed. 

[0062] While in the embodiment the percentage 
content in weight of the carbon contained in the metal 

25 layer 1 1 1 is 1 5 wt%, when the percentage content of the 
carbon is too low. the metal layer 1 1 1 becomes too hard 
because of the remaining copper tin alloy makes the 
metal and damage during the processing of the seg- 
ments 1 03 cannot be prevented. Further, the anchoring 

30 effect and the relaxation of the thermal compressive 
stress against the carbon layer 1 1 0 according to the car- 
bon in the metal layer 111, and the stabilization of the 
shape of the sintered compact 130 cannot be achieved. 
When the percentage content of the carbon in the metal 

35 layer 1 1 1 is too high, the carbon does not react to the 
copper in the riser piece 104, insufficiently bonding the 
riser piece 1 04 to the metal layer 111, which thereby 
separate easily. 

[0063] For example, Fig. 1 7 shows how the worka- 

40 bility of the metal layer 111 and the peel strength 
depending on the percentage content of the carbon in 
the metal layer 1 1 1 , in a test piece 131 of the metal layer 
111 shown in Fig. 18 and in a test piece 132 of the seg- 
ment 1 03 shown in Fig. 1 9. To determine the workability 

45 of the metal layer 11 1, the test piece 131 has a width 
"W cm and a thickness T cm and is sintered under the 
same condition as the carbon, the copper, and the tin in 
the embodiment excluding the percentage content of 
the carbon. As shown in Fig. 18, the test piece 131 is 

so supported at two points distant from each other by L cm, 
a load is applied on the test piece 131 at a middle point 
of the two points in a direction of the thickness, a trans- 
verse strength (kgf/cm 2 ) is calculated from a maximum 
load P kgf according to 1.5x P x L/(Wxt 2 ) when the 

55 test piece 131 is broken. To determine the peel strength, 
the test piece 132 is sintered in a manner similar to the 
above, including the carbon layer 110. A tensile load 
(peel strength) is measured when separation occurs 
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between a copper plate 1 32 corresponding to the riser 
piece and the metal layer 111, or between the metal 
layer 1 1 1 and the carbon layer 1 10, in a test piece 131 
which is pulled in the direction indicated by the arrow in 
the Fig. 19. 

[0064] As is obvious from Fig. 17, the transverse 
strength of the test piece 131 and the peel strength of 
the test piece 132 gradually decrease as the percent- 
age content of the carbon in the metal layer 111 
increases. That is, the workability is enhanced and sep- 
aration becomes easy as the percentage content of the 
carbon increases. In the slitting process for the sintered 
compact 130 comprising the carbon, the copper, and 
the tin, lengthening of the machining time and shorten- 
ing of the life of the cutting tool can be prevented when 
the transverse strength is less than 2000 kgf/cm 2 . Pref- 
erably, from the result of the transverse strength in Fig. 
17, the percentage content of the carbon in the metal 
layer 1 1 1 may be more than 2 wt%. In general, 1 .5 kgf 
of the peel strength of the segment 103 is sufficient in 
the commutator. Preferably, from the result shown in 
Fig. 17, the percentage content of the carbon in the 
metal layer 111 may be less than 25 wt%. To make sat- 
isfactory workability consistence with sufficient peel 
strength irrespective of the fluctuation in sintering tem- 
perature during the formation of the sintered compact 
130, the percentage content of the carbon in the metal 
layer 1 1 1 may preferably be in a range of 10 to 20 wt%. 
[0065] While in the embodiment the weight ratio of 
the copper to the tin, excluding the carbon, in the metal 
layer 1 1 1 is set to 90 : 1 0, when the tin component in the 
weight ratio is too high, a brittle phase of the intermetal- 
lic compound of copper and tin may form in the metai 
layer 111 during the sintering, and this may inhibit 
secure bonding of the segments 103 and the riser 
pieces 104. Further, it is undesirable that depending on 
the sintering temperature the concentration of tin com- 
ponent in the metal layer 1 1 1 may exceed the upper 
limit of the concentration of tin in a stable a solid solu- 
tion in the copper tin alloy series. On the other hand, 
when the tin component ratio is too low, the molten tin 
alloys preferentially with the copper powder particles, 
which have small diameters and are apt to alloy, thereby 
reducing the ratio of alloy with the riser pieces 123. This 
is undesirable because secure bonding of the segments 
103 and the riser pieces 104 may be inhibited. From the 
sufficient peel strength to be given to the segment 103 
in the carbon commutator and from 13.5 wt% of the 
upper limit of the tin component concentration in the sta- 
ble a solid solution around 800°C where the liquid 
phase sintering occurs, the weight ratio of the copper to 
the tin is preferably set in a range of 98.0 : 2.0 to 86.5 : 
1 3.5, and more preferably in a range of 95.0 : 5.0 to 90.0 
: 10.0. 

[0066] In the method for producing the carbon com- 
mutator 101. the carbon powder and the mixed powder 
of carbon, copper, and tin, which are layered together, 
are pressed to form the green compact 129 with the 



riser piece element plate 121 , the green compact 1 29 is 
sintered at 825°C to produce the sintered compact 130, 
and the segments 103 are thereafter formed. When the 
sintering temperature is too low, the phase liquid sinter- 

5 ing is not sufficiently promoted, thus inhibiting the 
secure bonding of the segments 103 with the riser 
pieces 104. When the sintering temperature is too high, 
the copper component melting into the phase of the 
molten tin is increased, and may flow out along the riser 

io piece elements 123 in the sintering process, and the 
shape of the sintered compact 130 may not be main- 
tained despite the effect provided by the carbon as the 
aggregate. To avoid this, the sintering temperature is 
preferably set in a range of 800°C to 850°C as 

t5 described above when the green compact 1 29 including 
the carbon powder layer 126 and the mixed powder 
layer 127 is sintered to provide the segments 103. 
[0067] Preferably, when forming the green compact 
129, one of the carbon powder layer 126 and the mixed 

so powder layer 127 (the carbon powder layer 126 in this 
embodiment) is formed in the mold 125, is temporarily 
pressed to regulate its thickness, and the other layer 
(the mixed powder layer 127 in this embodiment) is 
formed and pressed. The processes regulates the thick- 

25 ness of the carbon layer 1 10 and the metal layer 1 1 1 in 
the sintered segment 1 03. For example, even when fric- 
tion occurs on the top surfaces 1 03a of the segments 
103 which are the sliding members on the brush, the 
metal layers can be prevented from being partly 

30 exposed because of the irregular thickness of the car- 
bon layers 110, and this prevents shortening of the life 
of the carbon commutator 101 due to the exposure of 
the metal layer 111. 

[0068] While in the embodiment the carbon powder 
35 layer 126 is formed and is temporarily pressed, and the 
mixed powder layer 127 is thereafter formed, the riser 
piece element plate 121 may be positioned near the 
bottom of the green compact mold 125, carbon, copper, 
and tin powders may be fed in to form the mixed powder 
40 layer 127 and may be temporarily pressed to regulate its 
thickness, and thereafter a carbon powder may be fed in 
to form the carbon powder layer 126. While in the 
embodiment the mixed powder layer 127 is formed 
around the riser piece elements 123, the metal layers 
45 111 may be formed such that the mixed powder layer 
1 27 may be formed on the surface of the riser piece ele- 
ments 123 only on the side of the carbon powder layer 
126, thus advantageously making the segments 103 
thinner. 

so [0069] In the method of the embodiment according 
to the present invention, the annular green compact 129 
is compressed and sintered together with the riser piece 
element plate 1 21 to which the riser piece elements 1 23 
are connected, the boss member 102 of the insulating 

55 resin is formed by pressing on the annular sintered 
compact 130, and the segments 103 are formed by cut- 
ting the slits 1 07 so that the segments 1 03 are insulated 
from each other. Alternatively, sectorial blocks of green 
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compacts 129 may be shaped and sintered together 
with separated riser piece elements 1 23, the boss mem- 
ber 102 may be formed by pressing an insulating resin 
onto the sintered segments 103 arranged in a circum- 
ferential direction at intervals, and these segments 103 5 
may be integrated, thus completing manufacturing the 
carbon commutator 101 . Instead of the process of sin- 
tering of the annular green compact 129 to obtain the 
annular sintered compact 130, a green compact of a 
solid disc shape may be sintered to obtain a sintered 10 
compact of a solid cfisc shape, a passage hole may be 
made in its center, and the sintered compact may be 
divided into sectorial segments 103. 
[0070] In the carbon commutator 101 of the embod- 
iment, the ends 104c of the riser pieces 104 vertically 15 
protrude from the rear surfaces 103d of the segments 
1 03 and are embedded into the top surfaces 1 02a of the 
boss member 102, thus ensuring a sufficient enough 
strength of the bonding of the boss member 102 to the 
segments 103. The ends 4c may be bent at an angle 20 
toward the outer circumference before pressing the 
boss member 102, and this may increase the bonding 
strength. Without the protruding ends 104c of the riser 
pieces 104, or in addition to the above construction, 
grooves may be formed on the curved surfaces of the 25 
inside and outside circumferences of the segments 103 
or chamfers may be made at corners between these 
irregularly curved surfaces and the top surfaces 103a of 
the segments 103, and the boss member 102 may 
thereafter be formed by pressing resin, so that the resin 30 
covers the grooves and the chamfers to engage the 
segments 103 with the boss member 102, thereby 
increasing the bonding strength. 
[0071] While in the carbon commutator 101 of the 
embodiment each of the carbon layer 1 1 0 and the metal 35 
layer 111 in the segment 103 has approximately 1/2 of 
the thickness of that of the segment 1 03, the metal layer 
1 1 1 may be formed only around the riser piece 104, an 
intermediate layer may be formed between the carbon 
layer 110 and the metal layer 111, and the ratio of the 40 
copper and tin components to the carbon component 
may be increased from the carbon layer 110 toward the 
metal layer 111. Although in the embodiment the carbon 
commutator of the present invention used in the in-tank 
type fuel feed pump is explained, the invention is not 45 
limited to this embodiment and may be applied to other 
types of motor. The present invention, in which carbon 
commutator 101 is flattened in the embodiment, may be 
applied to other general column-shaped commutators. 

50 

(Third Embodiment) 

[0072] Figs. 20 and 21 show one embocfiment of a 
carbon commutator according to the present invention. 
The carbon commutator 201 of the invention, which is 55 
applied to, for example, a motor in an in-tank type fuel 
feed pump, is flattened, and comprises a nearly disc- 
shaped boss member 202 made of insulating resin, and 
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a plurality of segments 203 (eight segments in this 
embodiment) which are located at regular intervals in a 
circumferential direction, forming an annular shape on a 
circular top surface 202a of the boss member 202. Top 
surfaces 203a of the segments 203 are sliding mem- 
bers in contact with a brush of a motor. Further, each 
segment 203 has a riser piece 204 which is a conduc- 
tive terminal member, and one end 204a of the riser 
piece 204 projects outward from the boss member 202. 

[0073] On the top surface 202a of the boss member 
202, a cylindrical inside wall 205 is built at the center 
and a cylindrical outside wall 206 is built at the periph- 
ery, while the top surfaces 203a of the segments 203 
are shaped into sectorial blocks as shown in Fig. 20. 
The segments 203 are located so that inner and outer 
circumference surfaces are in contact with the inside 
and outside walls 205 and 206, forming a radial shape 
with the center at the inside wall 205, and are arranged 
in a circumferential direction on the boss member 202 
as described above. Between the neighboring seg- 
ments 203, slits 207 extend in radial directions on the 
boss member 202 to form grooves 202b indented by 
one step from the top surface 202a through the inside 
wall 205 and the outside wall 206, insulating the neigh- 
boring segments 203 from each other. An axis hole 208 
in the inside wall 205 reaches the other surface of the 
boss member 202, and is used to mount the carbon 
commutator 201 to the rotation axis of the motor. A top 
surface 205a of the inside wall 205 is lower than the top 
surfaces 203a of the segments 203. while the top sur- 
face 206a of the outside wall 206 corresponds to the top 
surfaces 203a. A step 209 is shaped on corners 
between the top surface 202a of the boss member 202 
and an inside surface of the outside wall 206. 
[0074] The riser pieces 204, which are conductive 
terminal members in this embodiment, are formed into 
plate-shapes of copper or copper alloy, and are embed- 
ded above rear surfaces 203d of the segments 203 
raised slightly towards the top surfaces 203a, as shown 
in Fig. 21. The riser pieces 204 extend outward in the 
radial direction of the boss member 202 from nearly the 
middle of the segment 203 through the outside wall 206, 
are bent at the rear portion to form L-shapes, and 
extend via wide portions 204b along the outside circum- 
ference of the outside wall 206 to ends 204a. The ends 
204a are formed into V-shapes by bending projections, 
which extend outward, toward the front side. The other 
ends 204c of the riser pieces 204 project from the rear 
surfaces 203b of the segments 203 and are embedded 
vertically in top surface 202a of the boss member 202. 
[0075] In the embodiment of the carbon commuta- 
tor 201 , portions including the top surfaces 203a, which 
are sliding members of the segments 203, are carbon 
layers 210 in which carbon and appropriate binder are 
mixed. Portions including the rear surfaces 203b around 
the riser pieces 204 are metal layers 21 1 of copper and 
material which can alloy with the riser pieces 204 of the 
conductive terminal member and have a melting point 
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lower than that of the riser pieces 204, for example, tin. 
Intermediate layers 212 comprising carbon and copper 
are located between the carbon layers 210 and the 
metal layers 211. In the metal layers 211, an alloy of 
copper and tin, that is bronze, is deposited due to liquid 
phase sintering of copper and tin, and this alloy affects 
the riser pieces 204 of copper or copper alloy, thus inte- 
grating the riser pieces 204 with the carbon layers 210 
and the metal layers 21 1 , that is, the segments 203. The 
weight ratio of copper to tin in the metat layers 211 is in 
a range from 98.0 : 2.0 to 86.5 : 13.5, and preferably in 
a range of 95.0 : 5.0 to 90.0 : 10.0, and in this embodi- 
ment, it is set to 90.0 : 10.0. The percentage content by 
weight of the carbon in the intermediate layer 21 2 is in a 
range of 10 to 40 wt%, and in the embodiment it is set to 
20 wt% to set a volume ratio of the carbon to the copper 
approximately to 1 : 1 . In addition, at least one material 
selected from the group of zinc, antimony, and lead may 
be substituted for all or a part of the tin in the metal layer 
211. 

[0076] Referring to Figs. 22 to 26, a method for pro- 
ducing the carbon commutator 201 described above 
according to the embodiment of the present invention 
will be explained. Before manufacturing the carbon 
commutator 201 , a riser piece element plate 221 , which 
is a prototype of the riser pieces 204 to be integrated 
with the segments 203 shown in Fig. 22, is prepared. 
The riser piece element plate 221 of circular outline is a 
copper plate or a copper alloy plate, and in this embod- 
iment, is manufactured by pressing of an oxygen-free 
copper plate of 0.6 mm in thickness. The riser piece ele- 
ment plate 221 have an annular ring-shaped member 
222 with an inner diameter greater than an outside 
diameter of the produced carbon commutator 201 , and 
riser piece elements 223 of the same number of the 
riser pieces 204 are integrally formed at the inner rim of 
the ring-shaped member 222. The riser piece element 
plate 221 have the shape of unbent riser pieces 204 
excluding the inner ends 223a as the above described 
other ends 204c of the riser pieces 204 which are bent 
beforehand, and extend in radial directions in a fashion 
similar to the riser pieces 204 in the segments 203 
located in the circumferential direction in the finished 
carbon commutator 201. Outer ends 223b correspond- 
ing to the ends 204a of the riser pieces 204 are inte- 
grally connected to the ring-shaped member 222. 
[0077] As shown in Fig. 23(a), the riser piece ele- 
ment plate 221 is placed on a green compact mold 225 
with an annular cavity 224 whose dimensions are set in 
view of contraction in size in sintering with respect to the 
dimensions of the segments 203. The riser piece ele- 
ment plate 221 is placed such that the axes of the riser 
piece element plate 22 land the cavity 224 are aligned. 
As shown in Fig. 23(b). a mixed powder comprising the 
carbon powder and the binder is fed into the cavity 224 
to form a carbon powder layer 226 on a side corre- 
sponding to the top surfaces 203a of the segments 203 
(the bottom of the cavity 224). Subsequently, a mixed 
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powder comprising carbon and copper is fed onto the 
carbon powder layer 226 to form a first mixed powder 
layer 227. Subsequently, a mixed powder comprising 
copper and tin is fed in to form a second mixed powder 
5 layer 228 in a side corresponding to the rear surfaces 
203d around the riser piece elements 223 of the riser 
piece element plate 221 . 

[0078] In the embodiment, the mixed powder of the 
carbon powder layer 226 is produced by mixing the 

10 mixed carbon powder comprising natural and artificial 
graphite with a phenol binder, subsequently kneading, 
drying, grinding, and grading the powder by size, and 
regulating the grain size to less than 500 \im. The mixed 
powder of the second mixed powder layer 228 is pro- 

15 duced by blending an electrolytic copper powder and a 
pulverized tin powder at a predetermined weight ratio 
and mixing the powders using a V-type mixer. The 
mixed powder of the first mixed powder layer 227 is pro- 
duced by blending the mixed carbon powder comprising 

20 the carbon powder and the binder forming the carbon 
powder layer 226 and the electrolytic copper powder 
forming the second mixed powder layer 228 so that the 
percentage content of the carbon becomes the above- 
mentioned predetermined value. 

25 [0079] Preferably, when forming the carbon layer 
226, the first mixed powder layer 227, and the second 
mixed powder layer 228, the carbon powder layer 226 is 
formed by filling the bottom side of the cavity 224 with 
the mixed powder comprising the carbon powder and 

30 the binder, subsequently the carbon powder layer 226 is 
made uniform in thickness by slightly pressing the car- 
bon powder layer 226 using a temporary press tem- 
plate. Subsequently, the first mixed powder layer 227 is 
thereafter formed by feeding the mixed powder compris- 

35 ing the carbon and the copper on the carbon powder 
layer 226, and the first mixed powder layer 227 is made 
uniform in thickness by slightly pressing the first mixed 
powder layer 227 using a temporary press template. 
Subsequently, the second mixed powder layer 228 is 

40 formed by feeding the mixed powder of copper and tin 
on the first mixed powder layer 227. 
[0080] The carbon powder layer 226, the first mixed 
powder layer 227, and the second mixed powder layer 
228 in the cavity 224 are compressed and molded 

45 together with the riser piece element plate 221 by pres- 
sure hardening templates 228A and 228B at a compar- 
atively high compacting s of around 3 t/cm 2 using an oil 
hydraulic press as shown in Fig. 23(c), so that an annu- 
lar green compact (compressed powder compact) 230 

so including three layers, which are the carbon powder 
layer 226, the first mixed powder layer 227, and the sec- 
ond mixed powder layer 228, is formed as shown in Fig. 
24. In the powder compacting, the bent inner ends 223a 
of the riser piece elements 223 protrude from the sec- 

55 ond mixed powder layer 228 so as to be accommodated 
in recesses 229a on the pressure hardening template 
229A. Then, the molded green compact 230 is removed 
together with the riser piece elements 221 from the 
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green compact mold 225. 223 are embedded into the top surface 202a, is inte- 

[0081 ] Next, the green compact 230 is charged and S^lly formed with the sintered compact 231 . 

baked in a sintering furnace, so that an annular sintered [0084] After the boss member 202 is integrally 

compact 231 of a prototype of the segments 203 is formed with the sintered compact 231. the riser piece 

obtained as shown in Figs. 25 and 26. The carbon pow- s element plate 221 is still attached around the circumfer- 

der in the carbon powder layer 226 is bound with the ence of the boss member 202. The connections 

binder so that the carbon layer 210 is formed, while in between the outer ends 223b of the riser piece ele- 

the first mixed powder layer 227 the copper mixed with merits 223 of the riser piece element plate 221 and the 

the carbon powder is bound to form the intermediate ring-shaped member 222 are cut down to separate the 

layer 212 as the carbon powder is bound with the 10 riser piece elements 223. The wide portions 204b are 

binder. Liquid phase sintering occurs in the second bent toward the rear and are curved along the circum- 

mixed powder layer 228 so that surfaces of the riser ference of the outside wall 206. and the outer ends 223b 

piece elements 223 are alloyed with the copper powder are bent so as to have a V-shape. forming the riser 

and the tin powder, thus forming the metal layer 21 1 pieces 204 into the above-described shapes. Between 

integrally combined with the riser piece elements 223. is neighboring riser pieces 204, the slits 207 have a depth 

[0082] In the sintering of the green compact 230, formed by cutting completely through the sintered com- 

the carbon powder in the carbon powder layer 226 and pact 231 and slightly into the top surface 202a of the 

the carbon powder in the first mixed powder layer 227 boss member 202, so as to extend in radial directions of 

are bound together by the binder, so that the carbon the annular sintered compact 231 from the circumfer- 

layer 210 and the intermediate layer 212 are integrally 20 ence of the outside wall 206 to the axis hole 208. The 

( sintered. The liquid phase sintering of the tin powder sintered compact 231 is thus divided into sectorial 

and the copper powder in the second mixed powder blocks of the segments 203, which are insulated from 

layer 228 affects the copper powder in the first mixed each other, at which point the carbon commutator 201 is 

powder layer 227. so that the metal layer 21 1 and the completed. 

intermediate layer 212 are integrally sintered. The car- 25 [0085] In the manufactured carbon commutator 

bon layer 210 around the top surface 203a, which is the 201 . because the top surfaces 203a corresponding to 

sliding member of the segment 203. the intermediate sliding members on the brush contain the carbon layers 

layer 212. and the metal layer 211 around the rear sur- 210. erosion of the segments 203 and deterioration of 

faces 203d are electrically and mechanically combined the fuel can be prevented even in the motor in the in- 

with the riser piece element 223 which is the riser piece 30 tank type fuel feed pump for fuel which contains a large 

204. Preferably, the temperature at which the green portion of alcohol. On the other hand, the metal layer 
compact 230 is sintered to produce the sintered com- 21 1 around the riser piece 204. which is the conductive 
pact 231 is set in a range of 800 to 850°C. and in this terminal member is produced by sintering copper and 
embodiment, the temperature is set to approximately tin, and alloys with the riser pieces 204 through liquid 
825°C. 35 phase sintering. The intermediate layer 212 comprising 
[0083] Subsequently, the boss member 202 is inte- carbon and copper is formed between the metal layer 
grally formed by pressing (molding) using insulating 211 and the carbon layer 210. The carbon in the inter- 
resin. In the sintered compact 231 shown in Fig. 26, the mediate layer 212 is bound with the carbon layer 210. 
ends of the riser piece elements 223 (the ends 204a and the liquid phase sintering in the metal layer 211 
and the wide portions 204b of the riser pieces 204) pro- 40 affects the copper in the intermediate layer 21 2, thereby 

' trude from the circumference of the annular sintered integrating the carbon layer 210 and the metal layer 21 1 

compact 231 . The ring-shaped member 222 is still inte- through the intermediate layer 212. and the sintered 

grally connected around the circumference. The inner segments 203 can be more reliably and firmly inte- 

ends 223a of the riser piece elements 223 protrude grated with the riser pieces 204. 

from surfaces of the metal layer 211 corresponding to 45 [0086] By the liquid phase sintering of the metal 

the rear surface 203d of the segment 203. The sintered layer 21 1 , the particles are rearranged in the dissolution 

compact 231 is accommodated in a mold which has a and re-deposition process, so that compressive stress 

circular cavity with a diameter greater than the diameter due to thermal expansion in the riser pieces 204 (riser 

of the sintered compact 231 by the thickness of the out- piece elements 223) can be relaxed, and gaps around 

side wall 206 of the boss member 202 and in which a so the riser piece elements 223 are filled with the liquid 

column corresponding to the position of the axis hole phase irrespective of thermal expansion and contrac- 

208 is built. The surface of the metal layer 211 faces the tion in the riser piece elements 223. Even when thermal 

cavity and the axes of the sintered compact 231 and the stress occurs between the carbon layer 210 and the 

cavity are aligned. Subsequently, molten resin is fed into metal layer 21 1 because of a difference in expansion 

the cavity, and pressing and cooling are carried out. ss and contraction therebetween during the sintering of the 

Thus, the boss member 202, which has the inside wall green compact 230. the intermediate layer 212 relaxes 

205, the outside wall 206, and the axis hole 208, and in the thermal stress, thereby preventing the bonding of 
which the inner ends 223 of the riser piece elements the carbon layer 210 to the intermediate layer 212 and 
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the bonding of the intermediate layer 212 to the metal 
layer 21 1 from being separated. Especially, this is effec- 
tive when the sintering temperature is 850 to 900°C. 
According to the carbon commutator 201 with the above 
construction, even when the sintering temperature is 
high, irregularity in electrical resistance values between 
the segments 203 and contact failure between the seg- 
ments 203 and the riser pieces 204 due to incomplete 
bonding can be prevented. Even in a fuel including alco- 
hol mentioned above, superior stability and perform- 
ance on a long-term basis can be obtained. 

[0087] While in the embodiment the percentage 
content in weight of the carbon contained in the inter- 
mediate layer 212 is in a range of 10 to 40 wt%, when 
the percentage content of the carbon in the intermedi- 
ate layer 212 is too low, the carbon in the intermediate 
layer 212 which is bound with the carbon layer 210 dur- 
ing the sintering decreases, and this makes the carbon 
layer 210 and the intermediate layer 212 separate eas- 
ily. When the percentage content of the carbon in the 
intermediate layer 212 is too high and the percentage 
content of the copper is low, the copper which is liquid- 
phase-sintered with the metal layer 21 1 decreases, this 
makes the metal layer 211 and the intermediate layer 
212 separate easily Fig. 27 shows the tensile load (peel 
strength) at which point separation occurs between the 
carbon layer 210 and the intermediate layer 212 or 
between the metal layer 211 and the intermediate layer 
212 in a test piece 241 shown in Fig. 28, which is pulled 
in the direction indicated by the arrow in the Fig. 28, as 
the weight ratio of the carbon component in the metal 
layer 21 1 varies. Herein, reference numeral 242 in the 
test piece 241 denotes a copper plate, which corre- 
sponds to the riser piece. 

[0088] As shown in Fig. 27, when the percentage 
content of the carbon component in the intermediate 
layer 21 2 is in a range of 1 0 to 40 wt%, the peel strength 
increases. When the percentage content of the carbon 
is less than 10 wt%, the peel strength increases as the 
percentage content of the carbon increases, whereas 
when the percentage content of the carbon is more than 
10 wt%, the peel strength gradually decreases as the 
percentage content of the carbon increases. When the 
percentage content of the carbon is low, the test piece 
241 is separated between the carbon layer 210 and the 
intermediate layer 212, whereas when the percentage 
content of the carbon is increased, the test piece 241 is 
separated between the metal layer 21 1 and the interme- 
diate layer 212. As is obvious from the result of the Fig. 
27, the percentage content of the carbon in the interme- 
diate layer 212 preferably is in a range of 10 to 40 wt% 
as shown in the embodiment. 

[0089] While in the embodiment the weight ratio of 
the copper to the tin in the metal layer 21 1 is set to 90 : 
10, when the tin component in the weight ratio is too 
high, a brittle phase of the intermetallic compound of 
copper and tin may form in the metal layer 21 1 during 
the sintering, and this may inhibit secure bonding of the 



segments 203 and the riser pieces 204. Further, it is 
undesirable that depending on the sintering tempera- 
ture the concentration of tin component in the metal 
layer 1 1 may exceed the upper limit of the concentration 

5 of tin in a stable a solid solution in the copper tin alloy 
series. On the other hand, when the tin component ratio 
is too low, the molten tin alloys preferentially with the 
copper powder particles, which have small diameters 
and are apt to alloy, thereby reducing the ratio of the 

10 material which alloys with the riser pieces 223. This is 
undesirable because secure bonding of the segments 
203 and the riser pieces 4 may be inhibited. When he 
sufficient peel strength is given between the segment 
203 and the riser piece 204 in the carbon commutator 

75 201 , and when the upper limit of the tin component con- 
centration in the stable a solid solution around 800°C, 
where the liquid phase sintering occurs, is 1 3.5 wt%, the 
weight ratio of the copper to the tin in the metal layer 
211 is preferably set in a range of 98.0 : 2.0 to 86.5 : 

20 1 3.5, and more preferably in a range of 95.0 : 5.0 to 90.0 
: 10.0. 

[0090] In the method for producing the carbon com- 
mutator 201 , the carbon powder layer 226 of the carbon 
powder, the first mixed powder layer 227 of the mixed 

25 powder comprising carbon and copper, and the second 
mixed powder layer 228 of the mixed powder compris- 
ing copper and tin, which are layered together, are 
pressed to form the green compact 230 with the riser 
piece element plate 221, the green compact 230 is sin- 

30 tered at 825°C to produce the sintered compact 231, 
and the segments 203 are thereafter formed. When the 
sintering temperature is too low, the phase liquid sinter- 
ing is not sufficiently promoted, thus inhibiting the 
secure bonding of the segments 203 with the riser 

35 pieces 204. When the sintering temperature is too high, 
the copper component melting into the phase of the 
molten tin is increased, and may flow out along the riser 
piece elements 223 in the sintering process, and the 
shape of the sintered compact 231 may not be main- 

40 tained. To avoid this, the sintering temperature is prefer- 
ably set in a range of 800°C to 850°C as described 
above when the green compact 230 including the car- 
bon powder layer 226, the first mixed powder layer 227, 
and the second mixed powder layer 228 is sintered to 

45 provide the segments 203. 

[0091] Since in the carbon commutator 201 in the 
embodiment the intermediate layer 212 relaxes the ther- 
mal compressive stress between the carbon layer 210 
and the metal layer 211 during the sintering, the sin- 
so tered compact 231 can be obtained through the sinter- 
ing of the green compact 230 at the high temperature of 
850 to 900°C by adjusting the compounding ratio of the 
carbon to the copper (the percentage content of the car- 
bon) in the second mixed powder layer 228 such that 

55 the shape of the sintered compact 231 is reliably main- 
tained. In the sintered compact 231 produced at the 
high temperature, the liquid phase sintering in the metal 
layer 21 1 is promoted, so that the bonding against the 
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riser piece 204 (riser piece element 223) can be 
improved. In addition to the above effect, because of the 
improvement of the bonding of the intermediate layer 
212. the carbon layer 210, and the metal layer 21 1 and 
of the relaxation of the thermal compressive stress 
through the intermediate layer 21 2 described above, the 
peel strength can be further enhanced. As the green 
compact 230 in the embodiment is compared with a 
green compact in which a carbon layer 226 and a sec- 
ond mixed powder layer 228, having the same composi- 
tions as the embodiment, are directly layered without a 
first mixed powder layer 227 and which is sintered at 
850°C under the condition described above, the peel 
strength of the latter green compact is 6.6 kgf while the 
peel strength of the green compact 230 is 15.7 kgf, 
which has been considerably improved. 
[0092] Preferably, when forming the green compact 
230, one of the carbon powder layer 226 and the sec- 
ond mixed powder layer 228 (the carbon powder layer 
226 in this embodiment) is formed in the mold 225, and 
is temporarily pressed to regulate its thickness, subse- 
quently the first mixed powder layer 227 is formed ther- 
eon and is pressed to regulate its thickness, and 
subsequently the other of the carbon powder layer 226 
and the second mixed powder layer 228 (the mixed 
powder layer 228 in this embodiment) is formed and 
pressed. The processes regulates the thickness of the 
carbon layer 210 and the metal layer 211 in the sintered 
segment 203. For example, even when friction occurs 
on the top surfaces 203a of the segments 203 which are 
the sliding members on the brush, the metal layers 21 1 
can be prevented from being partly exposed because of 
the irregular thickness of the carbon layers 21 0, and this 
prevents shortening of the life of the carbon commutator 
201 due to the exposure of the metal layer 21 1 . In addi- 
tion, when the carbon powder layer 226 is earlier formed 
and is temporarily pressed to regulate the thickness, the 
sintered carbon layer 210 is therefore made uniform in 
thickness, so the temporary pressing for the first mixed 
powder layer 227 may be omitted. 
[0093] While in the embodiment the carbon powder 
layer 226 is formed and is temporarily pressed, and the 
first mixed powder layer 227 and the second mixed pow- 
der layer 228 are thereafter formed, the riser piece ele- 
ment plate 221 may be positioned near the bottom of 
the compacting mold 225, copper and tin powders may 
be fed in to form the second mixed powder layer 228 
and may be temporarily pressed to regulate its thick- 
ness, subsequently carbon and copper powders may be 
fed in to form the first mixed powder layer 227, and sub- 
sequently a carbon powder may be fed in to form the 
carbon powder layer 226. While in the embodiment the 
second mixed powder layer 228 corresponding to the 
metal powder layer 228 is formed around the riser piece 
elements 223, the metal powder layers 211 may be 
formed such that the second mixed powder layer 228 
may be formed on the surface of the riser piece ele- 
ments 223 only on the side of the carbon powder layer 



226, this advantageously making the segments 203 
thinner. 

[0094] In the method of the embodiment according 
to the present invention, the annular green compact 230 

5 is compressed and sintered together with the riser piece 
element plate 221 to which the riser piece elements 223 
are connected, the boss member 202 of the insulating 
resin is formed by pressing on the annular sintered 
compact 231 , and the segments 203 are formed by cut- 
to ting the slits 207 so that the segments 203 are insulated 
from each other. Alternatively, sectorial blocks of green 
compacts 230 may be shaped and sintered together 
with separated riser piece elements 223, the boss mem- 
ber 202 may be formed by pressing of an insulating 

is resin onto the sintered segments 203 arranged in a cir- 
cumferential direction at intervals, and these segments 
203 may be integrated, thus completing manufacturing 
the carbon commutator 201. Instead of the process of 
sintering of the annular green compact 230 to obtain the 

20 annular sintered compact 231, a green compact of a 
solid disc shape may be sintered to obtain a sintered 
compact of a solid disc shape, a passage hole may be 
made in its center, and the sintered compact may be 
divided into sectorial segments 203. 

25 [0095] In the carbon commutator 20 1 of the embod- 
iment, the ends 204c of the riser pieces 204 vertically 
protrude from the rear surfaces 203d of the segments 
203 and are embedded into the top surfaces 202a of the 
boss member 202, thus ensuring a sufficient enough 

30 strength of the bonding of the boss member 202 to the 
segments 203. The ends 204c may be bent at an angle 
toward the outer circumference before pressing the 
boss member 202, and this may increase the bonding 
strength. Without the protruding ends 204c of the riser 

35 pieces 204, or in addition to the above construction, 
grooves may be formed on the curved surfaces of the 
inside and outside circumferences of the segments 203 
or chamfers may be made at corners between these 
irregularly curved surfaces and the top surfaces 203a of 

40 the segments 203, and the boss member 202 may 
thereafter be formed by pressing resin, so that the resin 
covers the grooves and the chamfers to engage the 
segments 203 with the boss member 203, thereby 
increasing the bonding strength. 

45 [0096] While in the carbon commutator 201 of the 
embodiment the percentage content of the carbon is 
uniform through the intermediate layer 212, the percent- 
age content of the carbon in the intermediate layer 212 
may be by degrees increased from the metal layer 21 1 

so toward the carbon layer 210, or the intermediate layer 
212 may contains a plurality of layers in which the per- 
centage content of the carbon may be gradually 
increased from the metal layer 21 1 toward the carbon 
layer 210. This improves the bonding between the car- 

55 bon during the sintering in the intermediate layer 212 on 
the side of the carbon layer 210 where the percentage 
content of the carbon is high, and the integration 
between the carbon layer 210, the metal layer 21 1, and 
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the intermediate layer 212 becomes secure in the inter- 
mediate layer 212 on the side of the metal layer 211 
where the percentage content of the copper is high, 
because the liquid phase occurring in the metal layer 
211 is broadly diffused into the intermediate layer 212. 5 
Although in the embodiment the carbon commutator of 
the present invention used in the in-tank type fuel feed 
pump is explained, the invention is not limited to this 
embodiment and may be applied to other types of 
motor. The present invention, in which carbon commu- w 
tator 201 is flattened in the embodiment, may be applied 
to other general column-shaped commutators. 

Industrial Applicability 

15 

[0097] According to the present invention, because 
a sliding member of a segment is formed by a carbon 
layer, erosion in the segment can be prevented even in 
gasoline which contains alcohol. A metal layer which 
contains copper and a material which can alloy with a 20 
conductive terminal member, for example, tin, is formed 
between the carbon layer and the conductive terminal 
member, so that the carbon layer and the conductive 
terminal member are reliably integrated electrically and 
mechanically through sintering of the metal layer in 25 
which the copper and the tin form a liquid phase. Thus, 
irregularity in electrical resistance values between the 
segments and contact failure between the segments 
and the conductive terminal members can be pre- 
vented, and superior stability and performance on a 30 
long-term basis can be obtained. 
[0098] Further, according to the present invention, 
because a sliding member of a segment is formed by a 
carbon layer, erosion in the segment can be prevented 
even in gasoline which contains alcohol. A metal layer 35 
which contains carbon, copper, and a material which 
can alloy with a conductive terminal member, for exam- 
ple, tin, is formed between the carbon layer and the con- 
ductive terminal member, so that the carbon layer and 
the conductive terminal member are reliably integrated 40 
electrically and mechanically through sintering of the 
metal layer in which the copper and the tin form a liquid 
phase. Thus, irregularity in electrical resistance values 
between the segments and contact failure between the 
segments and the conductive terminal members can be 45 
prevented, and superior stability and performance on a 
long-term basis can be obtained. The metal layer con- 
tains carbon to provide an anchoring effect against the 
carbon layer and to relax thermal compressive stress in 
the metal layer arising in the sintering, making the bond- so 
ing between the carbon layer, the metal layer and the 
conductive terminal member difficult to become sepa- 
rated and improves the electrical and mechanical inte- 
gration. The carbon existing in the metal layer improves 
workability when slits are formed in the segments, and ss 
the copper and the tin stably maintain the shape of the 
sintered body even when the liquid phase occurs. 
[0099] Moreover, according to the present inven- 
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tion, because a sliding member of a segment is formed 
by a carbon layer, erosion in the segment can be pre- 
vented even in gasoline which contains alcohol. A metal 
layer which contains copper and a material which can 
alloy with a conductive terminal member, for example, 
tin, is formed between the carbon layer and the conduc- 
tive terminal member, so that the carbon layer and the 
conductive terminal member are reliably integrated 
electrically and mechanically through sintering of the 
metal layer in which the copper and the tin form a liquid 
phase. Thus, irregularity in electrical resistance values 
between the segments and contact failure between the 
segments and the conductive terminal members can be 
prevented, and superior stability and performance on a 
long-term basis can be obtained. Between the metal 
layer and the carbon layer, an intermediate layer com- 
prising carbon and copper is formed. During the sinter- 
ing, the carbon in the intermediate layer is bound with 
the carbon layer, while the liquid phase arising in the 
metal layer affects the copper in the intermediate layer, 
so that thermal compressive stress between the carbon 
layer and the metal layer can be relaxed, thus prevent- 
ing separation in the segment and ensuring reliable 
electrical and mechanical bonding. 

Claims 

1 . A carbon commutator comprising a plurality of seg- 
ments having ends which are sliding members on a 
brush and the other ends to which conductive ter- 
minal members are attached, wherein said seg- 
ments are arranged in a circumferential direction on 
an insulating boss member and are insulated from 
each other, carbon layers being formed on said slid- 
ing member sides of said segments, metal layers 
being formed between said carbon layers and said 
conductive terminal members by sintering a first 
material of a principal component of said conduc- 
tive terminal member with a second material which 
can alloy with said first material. 

2. A carbon commutator according to claim 1 , wherein 
said metal layers are formed by sintering said first 
material of a principal component of said conduc- 
tive terminal member with said second material 
having a melting point lower than that of said first 
material. 

3. A carbon commutator according to claim 1 , wherein 
said metal layers are formed by sintering copper 
with tin. 

4. A carbon commutator according to claim 3, wherein 
a weight ratio of copper to tin in said metal layers is 
in a range from 98.0 : 2.0 to 86.5 : 13.5. 

5. A carbon commutator according to claim 3, wherein 
a weight ratio of copper to tin in said metal layers is 
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in a range from 95.0 : 5.0 to 90.0 : 10.0. 

6. A method for producing a carbon commutator 
described in claim 1, wherein said segments are 
formed by fflling a green compact mold with, and 
then compacting, one of carbon powders forming 
said carbon layers and mixed powders of materials 
forming said metal layers, subsequently filling said 
mold with, and then compacting, the other one of 
carbon powders forming said carbon layers and 
mixed powders of materials forming said metal lay- 
ers so as to produce a green compact, and subse- 
quently sintering said green compact. 

7. A method for producing a carbon commutator 
described in claim 1. wherein said segments are 
formed by compacting carbon powders forming 
said carbon layers and mixed powders of copper 
and tin forming said metal layers so as to produce a 
green compact, and subsequently sintering said 
green compact in a range of temperature of 800 to 
850°C. 

8. A carbon commutator according to claim 1 , wherein 
said metal layers are formed by sintering carbon, 
said first material of a principal component of said 
conductive terminal member, and second material 
which can alloy with said first material. 

9. A carbon commutator according to claim 1 , wherein 
said metal layers are formed by sintering carbon, 
said first material of a principal component of said 
conductive terminal member, and said second 
material having a melting point lower than that of 
said first material. 

1 0. A carbon commutator according to claim 1 , wherein 
said metal layers are formed by sintering carbon, 
copper, and tin. 

1 1 . A carbon commutator according to claim 8, wherein 
a percentage content of said carbon in said metal 
layer is in a range of 2 to 25 weight %. 

1 2. A carbon commutator according to claim 8, wherein 
a percentage content of said carbon in said metal 
layer is in a range of 10 to 20 weight %. 

13. A carbon commutator according to any one of 
claims 8 to 1 2, wherein the weight ratio of copper to 
tin in said metal layers is in a range from 98.0 : 2.0 
to 86.5 : 13.5. 

14. A carbon commutator according to any one of claim 
8 to 13. wherein the weight ratio of copper to tin is 
in a range from 95.0 : 5.0 to 90.0 : 10.0. 

15. A method for producing a carbon commutator 
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described in claim 8, wherein said segments are 
formed by filling a green compact mold with, and 
then compacting, one of the carbon powders form- 
ing said carbon layers and mixed powders forming 

s said metal layers, said mixed powders being formed 
of carbon, said first material of a principal compo- 
nent of said conductive terminal member, and said 
second material which can alloy with said first 
material, subsequently fflling said mold with, and 

10 then compacting, the other one of carbon powders 
forming said carbon layers and mixed powders 
forming said metal layers so as to produce a green 
compact, and subsequently sintering said green 
compact. 

75 

16. A method for producing a carbon commutator 
described in claim 10. wherein said segments are 
formed by compacting carbon powders of carbon 
forming said carbon layers and mixed powders of 
20 carbon, copper, and tin forming said metal layers so 
as to produce a green compact, and subsequently 
sintering said green compact in a range of temper- 
ature of 800 to 850°C. 

25 17. A carbon commutator according to claim 1 , wherein 
intermediate layers are formed between said metal 
layers and carbon layers, said intermediate layers 
being formed of carbon and material of a principal 
component of said conductive terminal member. 

30 

18. A carbon commutator according to claim 17, 
wherein a percentage content of said carbon in said 
intermediate layer is in a range of 10 to 20 weight 

%. 

35 

19. A carbon commutator according to claim 17, 
wherein a percentage content of said carbon in said 
intermediate layer is increased from said metal 
layer to said carbon layer. 

40 
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